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o^j-^j 3_jjLUI 3_jiUJI ijj^JI J^L>- \'.0"" '9 6uo.^JLo 

( _ 3 i>. L&jljji t_!j_>JI Cj ^1 La (jSLIj . L^-ajjJ 
La ^-M-^V 5_psj^JI 

j] l_^ej (jL^ jLax.^1 (jV i JjJb«Jlj £j!j-U ^^Li^sLi 

j ■ a a. a? I i." i L^l (j "jj * ^Jl t r J J- > ^' ^ 3 

J-jlj! ,j_a (jl jJajU i " i ii I 1,1 i_tJjJL!l (jl J-J-C 
t_!j^>J! Luj/Jj ( _ ;r 3 4-j^.jJjJI ^jjl ui a 

. . Jlj j_>J1 SoAll ^£LL j_*-£5j-a ^Lu tjL^ 3j-*luLi_a 
1) a j J-fLSj 4_La ; I Jjuj Pulkovo Observatory 

C^khH 3 J-^>a >a>J-j»j^JI B^j)^. 

.^Ul^^ 

Jjjii_jL\)_a jjL^4jSL^aVl SjLajJll CjLjVaJI j_yj3j 

.jLa^JL (_Li^>- J-i^sj-a ^fl («Li^aJ 200 43 lj_a j_Li3j) u. 

Ij &l a. Hale Telescope, Mt Palomar Observatory u-i^ 1 
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ii^iij 3_uliUI 4_J.L«JI t_)j_>JI i_l!jL«_o - I Jiju <j1_iSLLi]lj t\ nUtl J I m" i 

JL*_1 /ftj . . Cjl ^ r i ii 

Kitt Peak National Observatory . . . Ljj3i)' >" C -H^ J '^j- 0 ra-JL*JI 

^yltaj i .ill jUoVI ^ «LLo J^L LuLkjjj ^ dliilLi ^UIaVI ,jSLj («Jj 

JJ-OJ (jl (j- 0 ( a A>'W '2jL3tUI CjLV^JIj 

(3-S-»j i_g3-jjljJI Ld-LaJI o'^-ri-^ ct^ I I^jj; cJaLa jJLa , L \l , v.al 

JJ J ui-ll dJLlLj <JjJl^>. J '^J— a (J^—^* (1)-* ^-fll-A ' " 1 \\a 1^" Lkjl n If 

w *j ''-^ 'I jl Laxll i'IUILi ^L*L*VI dilj LuLLjj_i d-Adj Jodrell Bank 
^j-iUa-ij-j i_iLaj_o ^jj i"i a tiJLLaj JljJL>JI (jjjcj-ul V^J"" 0 ^jL-JujL3 

. cLt-o I 50 fiOlj-a j l^a i-jl^**! uj a ijr I lj^-*-u I 
illlaJI ^ uglicjj-i dlajLl al i" Aal I JJt, (j_uSL«-il mJj^s-VI JjjJI (j-o j-u£ ( _ ;r 3j 
2 j ulr SJbe-a 4jI (j^s JJLC i " i x a i aj IjLa . . 3jnUII Cj Ijj uaX I (jlr- J-jjL>JI 
I Leax^aieja I L_u^j_ojt_o Uj^>« JL>*J (jl J^J-U (Jj^^ (-£ljj jj-a ^Li^. J-i i "I 

^lj_ui i jljjl^JI dJJLoJIj S-ujSLII ^Lj^-iiJI (jjjLus ^ SjujljJI oLaLi^OU 

3fc^M 1 lj ,-il l /vl ,^,11 gj a , „ a 3jnl<- ^| 5QjeJ SjjJajilUtjVl tfjut oji^i 
:4j^j CjLalLa_La jj-* Aj L J -^j ^1 0**' ifrVI I J-A (Jii-o 
j lalll JyLaJ jj^r»oj 4_«LxJI ■ t^aHJLg t_ii3j ^ji J_La ^jL-oj^M ^jl : Jf^VI 
JlSj .. LSajL^J Lalj_o I ui it J-La »l n i ntl ( _ ;r 3 4jjJal_Ll J^cJ O^J^' O^i 

J-i^. I Jj joi^. Jjl i 'I \n\\ joJLc (jl^ (ji ! jut ^Jtjllj (jl^J • • • (JtA" (jt^ J- 0 -*-" 

(jLSLa dilAi! VI 

in j *j J£L<iu_i LiLLaJJ I n i ntl cjLjLj jJI <-"i i'i">j-«3 ■ ■ I jj a jj Lj 

^jdJi a mi i^jJI j ^loaVI diijd iji j^a^ui VI aibjjji a_L*LtJi Sji i^-ji 

.(jLj-Uj^M ^JS 1 Ml ^ 

(j-uiAJIj »l nUII Ci-iClv tfjLujI '"'Ijl r I LtaAJ I iil>L»j| ^1 :^jUJI^ 
SiuJU>JI SjSiaJI CliLtjVl j oLj/ljjJI (^Ic ,jjt_j_o.^l jLslcl (jl^ Luk (j-aj 
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^LL! jj-* »l »^^t1 jljij ^^ji^. ^n^»o L« (jl^ 1 < ;1 Li-A d a h *w t, 1 

w l c 3l_j_>JI Lu_uL_ui lj-ol (jj^JI (jl^ I jJj . LajI jl Uj * 1 ' *-*' 



(JL-S^I ^a-Al (j_a (J-«Jj ■ 4-a j^riaj (jjSLJI ^ *J.'^ (jr^ (J^ 3 ^IjjuoI 

4_j_uaLjj-J1 A_i-&LflJUj CjVjLjlXI (j^-* 3 ^* - **' ' " d L)3^l ^ jlf LJL^- 1 tl)' (l)^ -4- ! ^ 

l5' • ^ ■! ' * ^ Cjlj-Al J-*' J-I jylallaJi 
^Cjl" , tl ^ VI j ^ .,1 ^tlj p 1^ tl , ,. ^jj ^ i , ,. » V ^ *t \ \jjt> 

LtTuJ !ij 1 JLA * * ' 3^5^*^' J - ^ 3^5^**^' (j - * LuiJ Li£^ 

.Cosmology jjill ^i^. ^-*-uLi ^jJI juj_>J1 dliill ^i^. 

j-jilil (j-^ * * 3 ilxuiVI iCjL>. Lillj cLtTaAjJIj ^p3^_cJLl Li 
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£3j_o cLSJlj <_Sjjlj ^1 

. 4j 4i3^Lcj (j jSL! I I jut (j-a 
«La_jJL>. ijr 3 >."' i in! cQojjj (j-k ((4ju ill ^11 d * i nLiaJI » 

jn «1 Ul tl p->*J (J^-^* Jj^-J <-'^l ^ » nil jj^ 3 Ijji 1^3 Ijlj 1 .1 Lt£^^ VI J-a^1 
3jL>.lj ijr A (jy^-tt Luj^?E_a ijr 5 ^j?e_l1I (j-uj 0 <"itl lLILlAj 
. ^Ijla ^J_titjj *jj ' ' 1 * ' ea * CjJL>. ^jJI ^_u_o£ C"^ L^J^-J^-a d)lj^>Jtl 

p_Ljfcl_iLa ^J-a-" 1 11 J ^j-UsU! ^ ti!}L3}L) cGL-ulj.> ^ (jLvujV! (jl^ JlSj 

.4jjjdl 4 1 11 1 11 1 

L^-oJlJ>**( i nl (jy^-Jt £j-ul-*-«J 4_j_u3j^M ^jl i ujVI p j A ^ . ^j^SLJI p^3 4_tjL^s_a ijr 3 

. I j ... A 1 i_ LM \ ^t-ij Jj i<Gl_o~ ( _ ;r 3 

.. I J j j a.j (_psj^l 4_ta£ ^1 4 j 1 >i Ljj d j 1 11 JoLujI Cjlj cGLLiLiu 

p y (jj-^ o' ^4 * 4-jL»ia-C^/ jljJLoL^ I 1 »". . ..I ( _ ;r ltl 4jljjL3 

(jl di! j i_u 1 ntl J c-<£j^ (jic- J^p-" ' " a (t-jbSJ! JLii- I unnitl ^ 

p 4JLjjaj (_gjJ! Qj^JLa .i—SljJa^/l alike (Jji^cj ^1 ^l>J! (jjj 

p la « II liJJj I j 1 1 sejJ (jylll Joj-LtaJI "JJ - ^ t-fll^loVI A Uac 

^jl ^_j_>JI tjjj l)^ * pik»JI tjjj c^^^J . p fcwtl »^t^ ^ gL>.l 1 n a JJ>^-) ^Jj^ 1 
£_o i. 1 1 uLuj pJajtJI ^Ja 2 rt 4j>.1 i n a Ls_Lo . t\ . K U U ^jbol C-UfcSLa 1. . 1 uLuJ 
(j^e-21 (_)^>-jl Sj j j *\ tl CjLjI j jtH (jl (j I-L-lLlJI (j-a ' Li*J-ia3 JJJ-o 
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Jijj (_g jjl j_ l£ dJJ j w I c j . . 5j j « i a 1 1 Cj|j^a-<j>JI (j-a pis-Ualj 

^Ijj^ojlII (jjj (1)-° (J-^ CL^tJ^- 0 ^ .' ' ^" 4jjL*JI ^jjjjlJI jj^- ^J-* '00 4_a^ej>. 

Jjj_u-uj . jL^jjj 4l2j JaJLJa d>j 4l>.jl p La scjj (jl (j-a Jj ^-3 I jjj . jLjjlU 
J « a J (J-2jJ1 J-i^ 'lSJ-^' ' La J «jual (_psjjijj SjLc ^ LkuJ I (j| i_djj (_yj3 

(jJI (jis j^oj (jt ju V La^ (jAilj (jJiU^ laLujUJI 

jj_a (Jjsl < ' _i La 1 1 '*» ' . lIaII pJ*J>- (j5-Aj (_fjj>.| <LaL& cLLi2j 

dJJj ^LxjV ' . ilall JlaI^j ..p. n->JI «Laj| j-J-aJ*. (jyJJ ^J-JI jjij (jr^ "^J^ 
pujcj ijj_aJI JLs-lj j»lj^>- •• ^-^JL^J <j^i'j-^' 4jlaLia_a 

Lj^Lxial LLaJLJa jj jj I JL&j) SjLjJLc CjljHa j1j£ (J>kaJ "-^ ^i5-° J '^^■j' J- 4 - 1 
«lLc d i a i nil j-pju tilujLj>J1 I Jail (jl ijr j_u_ujJ1 t. 1 1 1 nil 4jjlJj < gjUl (^jJ^. 
' . lISJI (j I ( _ ;r ij>J ' 3j_a I 00 j£ C^?^ -^'j 3^ lillj (jr^J • - • (3j-Lai- 

I 1 j a i ii i^fl (J^ ^1 J i aaj (j! j»JiU (jSlaj (j-lj 4j <(J (_Lt3 V JaJLJa G>i 

,£j-Lj| \_uJ1 cLjjol_La_a CluL£ 

n_jj! ( _ r jjLj Jjjs^ i U j i .I j jlj U" t nLi JL>J,I ! juk ^ . .niil ^ ^ . nlj 

Lo.Vl *LJii U La>U 

j j La V o'- J -^ 1 v — 'J^- 3 ^jLj-u'V! (jl liil j . . Sj_a 4jLa 

^ I ^ I j ^it«<- JSLut L^J ^ ..jl (_g i) I j» I L\c V cj Ij uuJ La . . cj Ij uuJ ! 

^ ala. ( _ ;r 3 i_-cLa L^J Jj 3 Jls. !j 4jj^j_a ^ ae-Lta a (j-"jJ L^aiaj . ( L^iSj (_L«j»jj 
J^j j_iLH!l_i J-aJu LgJiSLlj Lg-Lajtjj ^ 1 1 eaj a ujjioJl aJJbj I j 1 — »• CjLoLv 

S * Ci i u-j 9 1 jl ljU>- Sj j j ^ Cjlj-jfu_>JI 5jj3 (jl Li^ icCLii^tj qj se rt >. il^ 
^jLSLaJj **' a 1 1 I j " ' a! Laj jj-* l — ^JIJ-*- 0 ^-Ij ' ' ' "J ...(jL-uj^M jt 3jj-aJI 
jj_a SjLjj^Li L^J 0 1 uj Lx-a Sj_<I/Ljji 4j>- in iVI ^1 (_gjj>JI «l J4JI Jj-i^J 
(j-o Jjii" 1 uj ^ilLa (jL^ij^M La-Lu ('/2 I ^l^*.) tl^JI ( _ ;r 3 Ji^>.jJkl (j^? - ' "^Vl 
p Lt 1 La^ ' "^^lj • (J-oAJlLLI ^1 ^-11 (j-\J> i u^l ( j-a (^jJI ^-J-jj 4 1 1 n 1 

&IU~,,„V,-.lj uuJI Sjjj (jLuj^U ouL^ jJj .4jjLLaJI ^LHy P l aill j . u£jj ^jJI 

j_l»j i(jL^ _aJ 1 1 J-A (Jj-oJ • 3 JoJj 3j_ia ( _ ;r 3 Jj^VI ( -J JLc j fl^Sj (j! 

... jcJI 4jIjjIj 4jVIj 4jlxjj*jsj 4jJLaj g| iS[ 1 n_t (jLjijVI CjLa^ic jjjs 



^ 7~ I ^-jjjj Ljl i ii t VI p se ~w Jsal—Ujl j^JlA ^LtiajV I JLA Ljj^^ J^-I 

j_jjL1JI ^1 4jI ju ^a->JI Jj~a JoLujVI I JJt (jlj LglLu jL>.j (jlajVI 
.j_uL«Jllj (jjijjLiU .sLoj£.lj CjIj.sVI ir^ij jajjiLLtl i_dlj.il 
(_---) 4_LL«-a -SjJ-s- jn^ ,j-a 4j| Jijj Li-s 

dJI—Laj . ■ ^ I "i a <^JLijk tjljj - *- U tjjSLj (jl (Sl_o~ sLjij t_-£j-s 

dim ilb (4-_-Cj Lg_a->.) JiLaVI j_4s (jL_-_iVI (jU il ^"^ VI (ji-- (J-<i-*-J (_£ ' 1 1 ii 

MMll ft-U i-llj* tatL^M 

^^pajVI w 1 c I j . i L_<5__> 4jj-j_>JLI ^Ljj-iAJI ^jLj ^1 gUll jj_a -SAC tj^^ 1 
CjI _s 4_)_sl_a ^ o la * I ^1 q***i i nLi l_£j L_~> L__> J_>.Jjj ^JiC i'Vu L^_a_^l_a_a ^jV 4_La_4 
i^rL-- 4jj JL9j ^jl i niVI jc-*->> £-a L 1 1 oLuXI t_£-iL*-J1 ^_?e_>JL) 4j3 _uljj . <_£_lL-_ ^-*->* 

4j^jjJ,l ^LJ-lAJI ^-.a (jL^jVI L^ljlj-b ^.ill 3_>LU jJa^ L«£ . L^Jjl jj 

J n't tillj-Sj .31aL>. o^J^" Cr^- *" S '" 0 ^ iS^JI J^-^^-l <*JLoL>. 

^j_a 4_]_)L>JI j^_aV1 jj_a *\ QJ i a * Ljjl-A jl ^^Jl 3j-£_-J1 tpl fl-U uiJ 

ijr lJl jj-uj-oVIj j-uLtil l_3^1Il>.V l*-^ ^ 1 * ' ^3 ^ '* ^^^^-^ *^i>^^ 

«L>.jJ_i (j-^-J (jlj 1 tia 4 <Ljj J_l! ^Ljj-LflJI (j^^J ^jl J-i V 

(ji^. j~o ju i i nil I i a i h°i ^la . . . ^jja. ji j^-i t_gj j V a t j^i LlS-Q jjt (_g jJI j" <i" i i nil 
j"m j" 1 1 n 1 1 I_Lij_l^ jjj . . . Sj jJLl ( _ ;T ^. jij^j jJa^ LlL a> (q^jIo 4jLo) " I 0 

jJa3 Lbj-Ua jjj j -i all j t->* ^ ^ ' Q "^^ (Oir!^- 0 ^I- 0 ) ^ ' 0 JJjlII 

aLlaJ 11 j la 9 (j?-^^ w I c ' a ~- * (uL^ri^-* *^^) ^ JutJI j"^i' j o flJI 

JJLslII I JLA '"-> * 1 ^ i ii o Mill a! la *H jJa£ Luj-Us ^jj>. t . . ^nm Mill 
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iJ7 lc a\ i < 11^ ^aJj t1jLLa_a I j < aj t LuLj_ujI L_ul_uLa ^1j^>« ^Lj^ j-j^jlj lLUji^j 
^ * 1 ' 9 ^JL9 . . i^^-xsc-a ( jjjl_jJLa (_£J-t1 ^1j->J1 t _^ r JLc ' •*•'-»- * t—oJt 
(J-ca-Se-J l_L)l_3 ( lj * i a UJL> "^J Sj^Lj «LaLalj JLs-lj ^l) ^10 j»lj^><JI 
' a se * i _}JL*JI j-^' 1 tfLuj-Us idJJ!i • 4_o* <^JJ^ 4Jta£ (jr^Lc 

l_bj_U3 IjLa . . ij i ii a ."ill a Ltajcl I ( _ ;r 3 ^ » j j U j » ir-i j sLta£ i_!jL2j La ^J^^. 

L_Li£,^_aj?e-a 4jb£ » 1 jLfl-l La ^_^JLc ' * ^jj>.i 3j-jO _}JjlJI j-^'' IjLA ^jLJI 

.tUl jjJ.! <j-a 4-lL>JU 
£_a (J_aL«JLj jJI >Ljj_j_aJI J^e-i sLtLjo! ( _ ;r 3 ^ i ■■ a I ftjJJ IjiSL&j 
Jlj?c_j (J-iLaJLLjj 3_}l_c J J * I l_L d 1 1 ii tlLi jJLi^aJI ijr 9 4_ufcLiILa J-^J (J-"^- 1 ^-* 
d j ifrl— Lj-d (J^J (J-"^- 1 ^-* (3^^-*-^ ^^Jri"*^ ^-^^- => °^ (jr^ d ' 1 

^Ljj-Lall jj_a LLtLaHjLs Lut i n U (J L\11 • • • ^ aLse-L^aJ \j j-j^-I1 

(j-o ! JL>- Ij-JJ^ J-^' (jjiLnU ( _ ;r 3 J-£*-> J-^ J- 4 - 1 £ ^3^' *^i>r!^" Cr'i 

ajt£.l i n_i I j j j LgJ Ji^cj q\ ^-AsOlluj V 3JjL^J! JjSLIIj ^o^oJI 

<Luj LtaJI 4 i i ntl jjLi Jjill o ' • • -iLtjVlj cjLal i ii U j-ol tiJLijk /oj 

-Sj-JJ • • o^J^' (J I u 4 j i ii it Li i_i£.j_a j_al tjjSLtl 4sLjla 3 Jl>.j f^yJt 
. LtaJI CjI j i i ntl jj^J^-oJ (j-u LaJ (jjSLtl CjLsLljla La jj^. Ujjj/ j_aVI 

sbjijjj 4jj J-i^>j-j j (jt^ a (J^ (jLi njjSLtl si nlr jj< i"i ditj ^1 i rr iM 

.(jjtfljit jjILa 4jI JLflj La J^l ' » i"i J-A Lajl 1 1 JLC (j^^-l' ^ 

SjLa l_3^Li>-t (jyJ* Qi^-^ ^IjJJ/lj-l (_y£ (jLcujVl 4j>-lj3 Ir-I J_j£ | (j | (_,JLc. 

'.vij^Lj CjVLs. SjLLI (jl 4jjL«JI *Ljj_LaJI ^ya jalnJ (jLcoj^l ^t 

(jjll iaLJ,l ^ 4-uji^>ll ZLXuJIj Sji^yi ijjllll ^ jiA 300 ,000 iaL^ ^ji^ll (I) 



IS 



SjLU l_Lu ■ ajlsej Q5SLII ^ SjLU (jl JL>.j ct- 1 -^-" J^L*-" O^li 

. . . 3 ij j » 1 1 3J jLkjJi! CjljLi]! ijj 1 ill IjjlJLa L^jLj/ Q^SLj till j 4j*_ujj (Lu^$£ 

jlsj ..((^jlll! JljJuS/ jL«J! 3jLl£. Loj^LJIj) Plasma Physics SLusJ^LJI 

Ijj^ia <j^'-^' J^^W J^ 1 - 1 -?^' (j -3 -? 'LSJLJ-^' ^LajjVI t_!jL*jJ 4jjjii!Li 

d a 1 La ! I ^JlLo iJ? j>.jL>. ijr <iJ>o -S^a*J L^-Loj ^^-?-^^ J ' " J. ^ ' (3 ' ***'" o*"*"^ 

(j-o SjLU 1— ilxuul d 1 1 ca « a j i"itl (^yi (,JjJ^M jl) ^Llllj 

;-i\t . >■ » « ^4 LxjJ id j i 11 h i"itl ^LjjJLj La r I LtaAl I ^1 

3.Jj^>.j_U SjLU i"'N Ltajtx (jjs 'j-i^ o' J-^^J • ^ ^!- 0 3^W *^i>i^' 

Sj—iILa c\_i_aj^L_j ^ 1 . >» *t La-il ^^j?e_(J1 J/U 3j3l_u_a ^j^SLI! 9. \ Lga.9 

jl) (_g jLc jLij (q^jt i"i a jl) (jjLLa jLc. *L2Hl! ^e-ta ■ ■■ Jti^. 4j^jLitjj ^LdA^U 

jijLj jLc, (j^o <i 1 11 -v. 1 La j a. I !i! (jJI <_ 1 it jG ( _ ;r ll!j cjLj/IjjJ! (j^. 

^Jl < a * (jt-^" ^LaJtxgaJb ^jl ^£L4-J J^-*-^^ tl)^ i^^-^^ -1 -" j^-* -1 ^-^^ i LLsL>'| 

(jSLx-i ojjl>JI I jut Jilaj Stage of gravitational collapse ^j-^JI jl j^'iVl j^La 
^j-Lt-^-ij .CjIj^sJ,! Jlj^LulI! jl 4_ujja_Ll! Cj^ljSilll (jJjSj <*jlj-J ojSLj (jl 

' *^ j^paLit-a 1 -1 J ^atj ) 4_lL5_jlI! j> JLA . . j 1 j-tCu-u L) ^ ^>»J J-l JJJ ^ 3-?° 
^j?e_l11 S^Lo ^jyjG jj- 5 ! J^-a ^Jt ^L^-JI ^jl 1 n**it1j .^jja-t LjLo^t t_£l_pE_aj LjLo^t 

.SSSjljJijJI 

^Ir 'j j « 1 1 (jjs 4jjjJlII 3jLjJL>JI j_aLLaJ.I ijjufc La ^Ir j 

4_ilj»c j-jsV! J_jj-jJ j^>«I Ij ' aa *^ ' fl-j-L^aj ^jl 1 nlr ^ I o**i itv^U SjIjIj i ( _^aj^1 
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^ j lo\ sLJ-loJ! £ji>3 (jJi jjtj i Magneto-hydrodynamics 3 j iimULULU 
S_<j/!jJ ij*_Llj S-jjLUI 5_J.L«JI t_jj_>JI j^laaJb Ijj JL3 6^3 'IhH^ 

( _ ;t j».jL>J! (j mi i" i t l sUj/IjJ sL^Usjj tl j'C 1« , i^iu 

d_i^Lie_ij I J i ■■ a ' L^jjLa ^1 4jjjii! Lj-3j Lj I jii^VI I JLfl>j-jl LgILujL>. jLUI 
. . . 1 CjLsLU ^1 4_uJL>J! 4jaLLaJ! Jjojo j» JJ^"J i^^JLsJ! jLl^jV! j» j j a a 
CjJLaj La jj i aJ i r-» ^1 LlLaJu (^ JL>J! jLj^jVIj JjL^JI t_! J->J! ! JLflij 

(j_o 3_j^£La I j ■ "I i ul ( _ ;r ^ SjLL! (jl 4jjL«JI *Ljj_LoJ! qj* j&Llj (j^tia ..SjLaU 

iCjLjj(j_3a-uj CjLiajj(j_> L$j iSIjj (j-a (jjSju SjLs-^oJI Sjj-JI (jlj ^-ilji 
4_»JLj_u CjLjj^j-ILSLJ! d * *^ rt 4j3LLa CiL^" i ii a ijr 5 Lgj - Uj-> « j (d ,"itl 4_o*^_a 
Cj Lijij^SLI^ I oJLfli (jlj i ( L^il. j-«J=-a ( _ ;r 3 4_o~aJil Si jjjl 4 Lse i"i JjLuj) t4 't-r- i"itl 

( _ ;r a cjLijijjSLIVI (jl i L^j Jajjo L^jl^j Sx.j_<j»j 31 jjJI J^^- jj^j 

( ijl 5 c *_a jJJ-i 1—4 1 ^ * p a ^ j t^a-aj *_a 3 ^ ' eaj rt 4_al2L>Jt! CjLj^**i i n U 

. Sj jJ! *Ljj_i^ La jj>. I ^1 llL! j u iKc jjjlj La LgJLaj Sx.LtJ! 

f jr Jj^i\ jLi^jV! CjJLaj LaJLi^. LjjJjv j> J J a U ! J-fli J-J-«-i (jl I nlf 
L^la 4_aL* CjVjLcoj JLJL jJaitj Lukj . . I Jj J-lm 

( _ ;r i Lx-ilj L^-iia «J t_uLaj V CjljjJ! ClloI^j La^ CjLiajjij^JLi CjLiji^jSLlV! 
0 j_fl> JlLa SjLil (jl QJJJ »l a I < II (_>Ajlj (jl .. I i<l_li I (j r >i ■> i (Ji-lj 

LajMJi ajL>. a^j^i aj>iiJi oVUJi ^i ^ ^jSi V sjuji 

(j ajl i ^-^j cjLii^s (_g j ^jJ sj^^jI/ (JSL<I/ Lajlj (L\jJL>. Cl^j^. (_ 3 ^-II 4jljI^jJI) 

.(_Ll3 (j^ LajL^ju joJ 
|_ljJL>. 3jL^_La 3^La (j_a (_^LiIu 4_^JLLa ^?ej>. (ji jj t aj * (jl (jSLa-l ' ^3 

.SS(jLilaVI jl cjLia (^jJI Lijj J ■ (jl (j^-a-i 
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..(jjSLI! ( _ ;r a LajlUsj 3j!j_>J! (_£^>.^/Li jl . .3jIj_>JI Sj^a LUajl tiJLLaj 

(2) 

L_LAj (juil J aXl (jJiAJu CjL>.jjJ1 (j-U^La ijr II ' 1 £_ajjjj ^j?e_(J1 

(Ji- jj (jLi LujJij (Jj-«-i (jl I nl<* (<u • LgjVL>. I— ale I « 3 ^ LL 1 » 4^jo- (jjSij 

4-ajJutJI SjLtl 4^jo- J-^-! 

d 1 1 11 rlLi (j-ajJLs . . «U I La^ax (j£. ' ^**'-»- rt (j^£LJI ijr 3 £JL>.j (j_ajjl ^ j ^ a ^ (jl 
Ljj^ JL3J . JL>.lj ijLjol c^jl .^.C J . , .. j_UsL>.J (_paLa (j-U jl jdal LJ 
»^ mi (JSLs . . 4^j->J1 (jj-tA-i Jl) J_>Jlj . . fiUuLilLo Cjl JL>.| c-<_uj3 (j_o I I JL& 

> ( _ ;r <i/ J^j . .tiJjjtlj cj!j^>J,I j-j^I (jJI Sj jJt cj! 1 ii-v j*is>] (j-a ojSD! 

. . (cLLo j^l *i_La_u) 4J Lil^s-u U. d 1 1 11 ilLi I j 1 1 ni L*Lilaj ^tJLaj (Jjlj>o 4^jj>. 
' . ■ euj\ CjJL>. iXlc j La jj (j-ojJI (jl ' t-jLjSLI! I JJt ^jLoJ! (_Jj_uj/J 

<G-3^Lcj (j-ajJLI cLx-mllL ^ a j j a a ^3 J-J-*J ^ ' '"J 1 «J-tl ' ' ^ Jj-"-" VI 

oljj ju>.lj Cjju>. CjjUs. I j! jLljtil L-La^g-iLa 1. uht^ -J^' 1> JJ*" ^>*^W 

4_Cj-*_uJ ^ j i hi t ^tj-° La-AljJ JL>.lj dt^J (^y^ (juJL>. CjJL>. jl . . ^_tJt_t-£5 

.(j-d3l^IL« 1 <i i^Tj Lt Sjjj^ 
i^l i n a ^ (jl dJJ_4-i V Lui (j^SLII 4_*_ulj^ 1 *'a n! . gaj ^jy^-JI ' <j* . ^tl (j-aj 
(jl ^-t^/l ui II Jlj-jJI LLlLcj .. LijjLc ( _ ;r a La^ I j i aje aJ 43jLa (jja 'l-'JJtJ 

(JjLujjJIj ( o * rt Sj-tliLus j-i^,) 4jj| (j_a i nl ^ilaj i * L4-1 ^_Laj 

llLl (ji l^.lj 

j a^aJl Cl^j 4j^la ^L>-jJ 273-^JLu (2) 
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\!Q n "'9 fco^Ao 



(jlj j_gj U> ; || ^ «if ; tl | j^JJ j»^jJI 4j*3j jainJI (jl J^j-J (jl I nlf (jl J-fC. 

Cj^L>. ^cj . . ijr t^[jj * ( nUj LjjJiu d j 1 1 ii rll «GjjJii_i ijr II J-t-£5 ^3 ^"1 mi nl 

(jl (J-^-uJI (j-o (J~"^ '*^! ' s^sj-is J^JjJ cLlLuUI * ijL^tHJI 

(j I (_£ jjj/ Lg-Lo <_J Us j V 4_ujJL«JI d j i <ij-aJ I j . . (jlslj^lj <j-Uiis3 j-o^l *J-U 

^JLc ji dJLLiJl) ^L-u-jVI «L<Jaj ^L. Jji (jj£L!1) ^j_l!dj_o ^jJsl J^>- 

Cj La j-U-t. 1 j L^tAj 1 4J L>. i > g uj * i «Lu3 Lit_i ^ 1 i jqJjlJ 1 (j i t fl-j-^a I (J I 

<L_j_<j_L«J1 (^jI_S_>J1 jj-* ^3^^ ji 1 '^' {^j-JI v_)LlSLJ1 (jl LiaJeJj ^JjlU ^-JllI 1 

JUJL>J1 fsl*Jl IjLA ^jp" 6^ e ^ ^^-=^11 ^JLA 3jL^ JUj3 J CjLij)Utl 
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.«LLo *j^>J j! oj^^ lS 1 -^' cj-^ 3 ^-" ^J-"-^' 

L<j_£ Laj_j_jl_i£ al j Mil ^3 1 La Ij-uSLs . . . ^jkjJjj c_tli£ LI (^yjjt^. ! j-a 

dil j J^L>. (jl£j .. L$-l3 (_£>>•' oIj-Jlj 4_La ^ I jLa 3j^3 JjtJ CmIU 

4_j_£,^_l^o-4-i Sj^Lill (^ii^Luj cUljJ j-ijtlu V »1 a U tl CjLoj-£U 1 j 1 se j a 1 i ( 

. .4_g_j_Ju VLa^ ^ I j-* Ljj^j-v Lul Jl£jl (jl LaLii-j 

Lo <_L-^J • LjJL>. Lg3*.^l L^sj I r* ( n^g-l 5j-u^ t JLLa i4_ajJLl (j^t-lj-4_j3 i^j-lj 

^_a_i (^yjj-JtJI ^£jLoJ1 jJ^, ^LalL&VI JtJ-^ 4_oJlSj * iLiSLJI \jJt lJJ^-i (jl 4_jju_u 

.(jU'inU 4_L!lj .. I^K SLpJI Jjn'niKi^ 4^^Lc ^Lt 

. . ^jjcJJI (j_a d_L)Ljt JLcI J-^tjJ • • (jyjL^jV . . (_£ Jji j-^tj • • • 

. . J>aJL>.j . . J!>L>. ( _ ;r 3 dJj^tjj (_Jjj>. V!j . . <■ uA\ <tcj_<j/ 4J I j i eaju 
. . . jj k i 1,1 J-^c • • i_£>L*J! joJL«J! ! JJt ^1 J^i. jJ! (j-a (jSLili ( _ ;r i>.J 
. . j_Ll^ (1)-° ^ ' ' a * (3^-1 ^-J Lo (JSLI . . n**n (jy^* LJ j * (j t c_t^e_i 

. . . ^jtjl o i nil 5^.jjILaj 4jJLo- CjLcjjij*-o ..4ljLik jl-lcl 

LuLo. ( _ ;r 3 LJ 3^^Jm CiLal i nil a CjLcj_<jJI ^ i h m (jl s- 4 ^?^ 
(JjjLlSJ CjI JL>.^^ . . L$l£ LjjLjX. Ll Lu! J f ( oj . . LLul ^lu w all (jl 1 nlr 

. . (j^SLJ! j * . ^Lc (j^_LLa L-sVI *j "•<- J_j a * (j I t_*jej 
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..3JjL^JI - j i a II i uj (jl LijlSLal (jlr 
4-LLlj j«J (_gjJ! (_f J_tl J i a] I j I La UJ ..j^Ljijj ..j^ejj (jl Lgjlc 

. . (J^a (jjs 4jj i^i ill <ju<JI 

(jlLaj (_£ jJI . . 4cj(jJ! J-JLi . £j!jJI . . p i ii ->J.I JL^jiill (jja jj i aj 

. . (_J_<a LSLlLt. 1 (jj i iiutlj a Lkajj I dJJ jj . . (jLx-llj . . gw) i"i->. ^jjs LaLx-l p 1 1 n"i i ujj 
. . 3jJL>. 4-«SL>.j . . Sjijj ( _ ;r 3 LuJI ' La j j~ (jj^II jlj-"^-Jj 



19 



i*d*i> 6t)ji 

J ' a a C *- J *>^ Juy^Jj^ LjLl JJLjj La 4 _ ;r JLc- L^-l^ 
Jill JL?-**( ( o 2 w a£j V i ijr l^SLI1 (J-^Lo-o (j-° 

j!j_<-u^Li «(_,-Lo JJi^ Cosmology Q>^-J' <*-^ 2 J 

<u^!jjj J-°^ Tjj_j suiiAjij ^LJ »l q i nil ^1 
(jL£ i4jL^SLII tjLcuj'^l gj^icj o' <JA9 -*LJ juj 3JLJ 

j}LlU Jj^ Lsjjjji (jL^ diiill pic (jl dLi 

^LaJLSj Q^jIjLlJ! 4^jj La dJJjLi J <j uiJ (j -1 ' 1 <— S^L) 
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Qja (J_ul_i_ut jjj-i^- Lfc J-U "n \ p_l t4_U_*_a 

l_gj.II ojaaJI Ijjisjlj tjjj i a^ 4j^Lj (_yJI 4_i£.ljjJI p j~ * i ■■ *LaJLaJ! (jjjj ' a ^ 

(j I La_j a Cl^J t—iljJLa! dJJ j ( _ T j-«_a (jL£ iqs-x-jl\ I JLA j j Iaj Lojilta . d i i nil 
Jtj|_«_a I g-Lj- 1 J-J I j v^jl JLjj>JI (jJal C^e-i ^1 IjJLaX. p^sl L»£ 'cJr!-^' 

n tj t~t]\ ♦ mi ■ l^j 5 ' 1 4jSoa LLs^j-^u I ~» *j I I o g ^jj-a IjjJsjI t(ji3ljLaj 

4 i i nil (j-a ^jj (_y3 (j-u^a (O^- 1 J>#k jl 'SjJLa^s CjLajl (^ (^jjII d^jj-v ( _ ;r Lc 

5j ■ S U ' ^ I (J^L>. 

( _ ;r jkj Zodiac £jj_jJt 3-S-taJLa (ji_j_iLLi 4_L$SLJI j»La ^j^/l j j i a « 1 1 j_Laj 
"J J 1 (_>"< uitlj i L«jI j s-^' j aJLl I a ^ mi i"itl cua (_g jJ! *° 
I jl&j lEcliptic ^j_j_jJ! Sj-jI.5 ^ « 1 m j 1 La a. ^ I r Jj^ t° ' ^ I j-* 1 *'^~*" (^ 
Signs of Zodiac La.j-i j Ckc ( _ T j3l ^1 p ■ L$l£ »l a . ..tl J^s- 1 aoij taJtll 
. p_jj?e_uJ 1 JjjjJa (j£. ^ ^.T'J 4j3jjL^a L$jaj-*_] 

jJia cjlj-illj «LL>o (j-u La_ia SLcjJI Lat 
c I . Allj cuSli!! 4j2J! ( _ ;r aljj3 <jiuL£ jJia p j ■ "jjj i^JaVI *ljj ( _ ;r Al-uj 

Cj JLaj! j» (j^^; CjLc jjjjcjs (j I p ^"lj-e-a p^J Cjjjj^s Jl^J . (^yjL^j^MJ! 

J^s. jjJj ^^jcJJI (ji Ijljj 1 1 «LoLoi i^jJL^ Bootes (^IjJI J*C mi 
j-j^^/l 'I j 1 all (jij i4x.Lj/ (jjj ilit* j £_>ji i^J-o Polaris w j U^tl pjaJJI 
jSLI! Lai . . t_jjJiJ! i-j-ij-ij (jl j_Lta »l n . ntl j^j 0-° Orion 

SJI^>- La Lie. I C^jL£ JLa^-O^ ^J! till j ^jjs iajjjLA OuL^ ( _ ;r lI!- 1 jjiAi»JI Sjl j 1 ntl 
'"'jl 1 a 3 iiillaJI pJLc Lg-Laj CjJLla « LaJLaJ! (j-a j_uSL!l (jl t_iJj V 

(^yjJ! t_JLSLII j j uiij . j-JaL^/Vlj cjLjLSL>J! jjjJa LLlII J 1 a3 pjtjLCal 

LbjLLa dlli (_Lta Lalj 1 ( w La-mjJL I) n 1 nil (jjjjijilaj t_)Ll^ ( _ ;r a LlJJ i.'il ir-ij 
. 4_j_flj_ a l_a] 1 (j^Ja^La t *1j I j (j-ajJLIa ^Ja i --ji <Lc ^j_o ^_a 
pJLc ^£ \ j 0 K" (j- 14 -^^ 4_flj_u^_il! (j-a i_aj-»_l (j-a (Jjljt jj-* 3 (J^^^ 3 J~f ut ^3 

1 j!>LlI.I ,_L^a 585 ^Lc cjjl^ mJjJ! uJI i >j-2JI '.. < ' " g =uJI j niLLill 
(j^a Uj^>- tfjL>.^a Angular Diameter (_gj!jJ! q a ui II j la^ ,j^Lii ^La La^ 
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lijA^9 Leu as i\\n\\ pic 



4cI_lSLLi]1 cLl^JI (j£. CjLjJiaJj-jj-ujJlla JlcI i na-jjul aj i n^ljl ^L>.j 

"Q 1 1 jl ' rt w lg Vl!La . I ,j n Stlj .j „ ^ uJlj til L^jI 

(j ii o i"i 11 (J_il_2_a j -i all (jl . (j^jV! CjLuI 'Lloj^ (^^-(jaia^l-ai JLujJj 

Jloilj i^jVl JJi ,j£. £jLj liDj (jic >l_Li ^^UaVLa 1(J K1I i_3j i ujJI JLl£. 
J'C ."ill Cjl j ( _ ;r A (jjl (jlsj^/La ijJLlJI £-Usj_a q\£ I i j a J" i a a 4^L>. Lajlj 

(jL£ p ^ o ^ &La a jj t-»" (j( VI i L$-*-il j^jj n o miILj Jjjj-cVI ^1 a If pj_&lj 
JlSj (_£jj>.VI LjLuJ. Jijjj ^^ja_Lll ^j^*.' (jl p^jfcLujI ( _yl.jIL<j/l JlSj i LjjJaj 
(jJI dUj (jr^ ^Lii i*^:*-^! Ij-ft-uiaj • ' Lii^sj (Jjij-oJI 0^-* IjjLi^j 
iJliljj JjVI jJ-S-ll ,j_a »l o i ii II £-1.1 ' ^j".^" pjj i Magnitudes jlj-jai 

jJ_2JI jj_a dJJj (j-C L^_il_«_l J-fl-J (j^Jlj (.j-i^l jJ-SJI <j-a 1 1-^ i I (jU o 1 11 
(JjJ jLSLj V <_p.ll (»>==-iJI C^Jtx^J JjJjJI ji-VI i_Sj_Lall (j^j itiJlill 

• l_yu±\ i ntl JJ-2JI 3jlj_>J,l (jUtlLj 
4jl_«J, 1 r lj-ji£ J-a-TLij V i4_jj_JooJI <ju<JI La£ ipjtill (jL«l (jl 

(j-Utll d i i n itl_j pj?ejj1 (jLjtX jl jJLaj i Lt£. (jji^. ^-^ JLJ I- 0 J^J^ w ^j^-^tl 

i^jdl (jl < a I tl jl j" r VI (^-3 Jl>.L Ijutj i^j-fcliaJ! jJ-2JLj u <i i nj 3-5>^<II 

,jj9 Jjl j-4 (j>LJll Jj^ 150 ate) (jj^s-jLLjjt (^ij^VI (J <UH jl^ J^j 
I 000 (j_a j-5-^l & ■'"J ' a * i-a a (jr^ 4jj_aLIaJI jl J^^/l p J i u-Sj JjLs- 

tJ7 JL>. jl JL^^/I (JjjLjJLo J_j3j (Jj^l J 1 ^1 LJ^-^^J^tH^ J^ejI ip-^- 1 

(JL>.jl p_l (jy^>* i I JLjLj-u (jl « alll p_u_o23 ^5 a * II 1 JLA (^j-^-iJ (jjj^L_aJI j JLnJI 
(jSLalLj i4-u_ul i n-»JI Sja JLJu 4_iilj^.jj^AII ^1 ^J^/lj I Jl>. 4jjill 4jSLiiII j-JiLxLI 
OJJ ' (j^-4-i p-? 0 CaA> t J-t-^J Cy^" ^"j J-*^' ^3-?° ^1 ' C 'i**<^l (j-a »l aWH 

'OiJ tiJLul jJ-2JI (jJI 

j-u_uj£i] p ^ * rt 4jjL?e_a el a lull (_£jj>.i 3j^_t-£5 ^Jjj-^VI »l air Ltiajt p_*_ujj 
(j-SLLUI L^_La^l (jH-ll iSjjj^aJI oJLA i.*i>i <i j I j 4jjl a i nil ^Ijj>-^I CjI^j_>>j 
(jl iPtolemaic (_>fj ajlU i ^Lliu I ^jlr (j^'j ^ (5_j^!>Lj_o 140 (j^j-aj 
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. (j-aj-JI Lj>^ ' & 3 JjL_u 2jj»La_Ll1 o JLA C.J Laj (j^oSLJI j^j-a ijr A (j \j 

.(_psj^/l Ij^c La I j I ^ 4-jjl a i ntl tilj^tlu (jjjjAjiLaj ^LLaj (jr^J 

t_dj^fcIL) ^ jJ! jJ! dJLLill Sjji ir^ <J^>* Lilj^elu ^\-uz ^j^JJ 

3jjs JJJJ 4jLu/ jjj 1 "-' jd>^'j 'O^J^' (Ji_5^>- J^-^ O"^ ^ i^iji tfj^j-o 

Lol i(_p3j^/l (J^>- ^ i "j'j-ll j'-^' (jr^ Jj-^ ^AJ -5 ijj! jJ! lilLill (J^>- 
J*C i"m tjl^j^elLi^-jj ii a i"itl j (_psj^/l <j1_] La ^Ltjal _aJ! (jl jiSjSLlI- ijl Lac J 3j_ajJ! 

^^pajVI (j^- 1 f k $- u i}- a 1 *° ^ I c p-jLs La^_La (JSLJ jjIjJI iilLaJI ij^>«I 
^Ij-sjlj 3 (j_o (_Lal j-j! jJ! i_d_Li!l J^s- jj-^ I n <3 ' a J^j 'i>" a Atlj 

LajJc 2 j i n'Cr 2£jj>. jjLi^jSLII tilj^tlj I j-#lj I jiil-w *!jjJ! ■ eaj <j p ^J- :>, <J' 

i>L>ol ( _ ;r 3 La.il i j i 1 r-i 4jjj! J til^Lal (jy^ ^L^j^cIUi j o allj (j 11 n i"ill Lai 

I j <"rj (jl (jjj-a-iilajj (jSLal a LLall I ! J-friJ i L$l^ i_i^!^£LI! CjL&LjoV (jj^LtA 

t_t£Ljj! 4_LSLIj i3j_j_l^ SJajij (_jjj>.^/! 2-jjI a 1 nil j»!jj>.V!j t_^!jSLJ! ^UsIj^j 

.QaSLII j^j-a (jlsjVI (ji sLUsIj^L LLai. 

jL^sjl idiiill plr lj £ 2 ^ laj " * CjLuIjJ 2-lL*L>JI t_j^c (_£ jJ pJ 
VcJISVitAJ! IjLA ijr 3 ^^jLaaljt-a ^jl ^Jj icLuiLtJI 5^^>. 2 I jjjjL-uI ^^j-lc ^ ^^-'- u3 
ol_>>jl J-JJLa-lJ f. \j ss ■ a 1 1 j»jJc_iJLl jLii/j^jj/VI ( _ ;r 3 p J Jj^^ 

4 <j iU ^1 2^LdsVLi I jut i L$LtL*-a dJ^L^i! p j ■ «" (j-a Lboi. ^Jtj^u 

(jL«jil ^1 Lajs iJjUI p^aLii- ^Lal ja^uaJLvj s^LiJI p^jLo. 

. sLljLijJI t_gj » i"i 1 L^ L^J »l a i ill jLlo~Ij i^->^l f x 3 :: ?-^' Cr^ (ftjl jJI J La ill 
^jjjJ! >f»^II LiJJ j i. i j i im p j &l pj V Li JL>. 2jjI a i nil ^Ijj>.^/I jj^I j -i all (j^J 
4jl3| jjs j_JuJ A ui itv JlII jLil sUl La^ iS^LjjJIj (jl t^a-Sill jjja 4^>-jl pjialill 
4_uLaj ^1 (J^ ijj^/l 4jl£_a ^\ <GjiaX.j ^»o^c_lII »l a i ntl 

.21aL< 2jjI a i ii SjjIj L^-lS ^Ja 2j Lajj 

I I a i (jjj_JuCj sLuLaii ^1 SjjIjJI lLLIj AjLtLsJI ( _ ;r 3 t_!jj(JI p i J^j 
^3 . . p i i.q Jj^jIjJLI J-^-laj La^ jl ^LaL^ La I j i a J-«-2-I' 
yja. «U3 OljUjJJ <tljJLa (^Jl Jjill djlr (ja. LaK i uXb 4 j AT I juk ^ 



26 



(j -i all JjLia) fu-u\ f>\ i n^Vl cJJj ^Jk: I jjj i^L-uaJI 

(jl^ dil j Juuj mV| j ^"-^ Ljj^j Li£i_jjj<JI Jti^. dlLUI JLa. Jla 
jj-^o ^ *\ jcjIx..} Oa-j-ujj 3 J_) J_>JI CjL>. ^IlaU L^>> g I ajj^J \ ^1 <i"t ifrl 

(jr lc j i^'ql dilj (ji VI i^jLlILj LoLu-ifcl j^jui JlS ^fl imj L)'j 'U>^ 
jj^Jj-u LojlI I j<iSL>. 4jI Jlj J_Laj . 4jjjjVI SJjjJI ^LjI CjJLs- Li£ jhjj*_uJ!j L_iLa.ll 
cij2l\ (j_o ^ i a j 111 dJJt tdjoUtl t_sjj_!l ^ ■ a j ' ( _ ;r 3 (J_oL_u j^iaj I Jj 

2_uL*_a c___lj J£ (jic i3jJj_- Sjglr 4AJ 3-uj_»JI Siill j i^I q\ 
jO_£_»JI (^JJ LaJL__3 . L^jLSjIj I j~ i "lj ' 4_uil*JI CjL_*-i^Mj <"<tjjU>*tt iijL>.| 
(jJI joSLr-JI jJLa JiJj (jf ^fj i(4j_-}1_lo 775-754) j j ■ a i 1 1 j ri<-v ^LLAjJI 
(__UjJ jL_>.La iCjIj__!I j^j-l fj^- J-ijVI sLuJLa (j-a VjLl S JjJL>- d <i i<iLc 
t-J^Ua 4_jJI < i ii j ^ nlr j^J-o J-^->l -4-l3 i."i*r i ir>] jJb 3_LjJLa 

.2_5jj_U 

«l— _j ' " i A * 1 1 a i4j =Ll>.j j«Jl«J! ^j-r i""m j j i a * 1 1 4-Lu-»JI <—3j__ J_)j 

oJL_aj 3_-l_aVI j_a dJJj (__JI J j j i ..II (j^j <Luilc. 2 ^ 

! <>jjJ! «L«_L»JI (jjs I j J j ^ bj-C £-"-=-3 h_Jjj>.V| oljl <-a-»JI 

i^ja (jL-j t4_i o 1 «T1 4_u_L>.^M £-v1j-U jQ-^-iJjt Ot-»o £-2- La ^j^oji-v^pj 
Jiju La_i_> t_!jj(J! 'LSj^- (ouLtJUjJ!) A ii i ill LillaJI jai^. ( _ ;r 3 ^Lt jj>.j_a L^»A] 
1 C j-_lj_u_1 Li_u!j-a_l i «LL*3^>.jJj (ji JJLJ ^ J i a t ^jJ! t( J-i-AJ f i ntl) ijr II 

Cjl_flJJ_a 4 i ii a d ^j^ — II j-A Jj '. I JL>.!j LjLj^ ( J-lAJ i i nil) j 

(jJ jjl t_)jj(JI f. LjJLkJI (j-aj i J^Jl lilLill »l <ilr t_<J^ La (Jjljl slL^lAla 
(_gjlj_aJl jo_j_alj_iJ i ' 'I Lall jalt-i Ijjjjjtlj (j-ut J i i nil) «L«j>.jILi IjjsLS 
4 I <i <" i im I jl j a. (Jjl ^JLcaj ^Lia Jj^jjJI 3j^>.Li 4jI_l«JI ^1 I i aj I 4joI 
•.(jlajjiJI ' La 3.J C^jJI ^1 " i" i i_i^IjSLIIj ^^*_l!I ^Lfljjl JjJLajJ t_!jj(JI 
J-s-nJI) t_)Ll^ L^a-Al 4_lSLLs CjLaJJjs SjLc t_<^ i . '^j la i uVI ^ <i i nUj 
L^j| (>i.jjll <_yaJU JLa i (i iVjU,„VI) (^U , ,.1 i_.VjU,„VI_i 

.^j?e_lII ^_uILa (^GJL>JI Lil£ ijr 3 ijr utXlj i(^^_jJjJa_*_ul) L^i-t-at 
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Jlj^jjJL! I jjt jj-c JlSj ic^ _jJI dJJ j ( _ ;r a (j-uSlal I (j^^j (^i^. jjj jil<-u i_a!j_Zu! 

( _ T J-C ,i <H Alt f\ qtr jLj£ (j-a J^-^'j d s 4->Sll^ 3j^>-Li 

3j_a (Jj^ ^J-I^J t3j. a J ' " a d d ' a 1 cLjSLldJI j /^tjt^tt i M"--t .iLt^jt ^jj-r i n" 

.SJljJlC CjLoIJjs 

(_gjj|jJi,l 4-LII JU£. (j-l JLajs-l iC^SaJI dilj (jJjj^sljJI J-^ul (j-a (j^J 
^tr S_ujII 43Lolj_a (J^-i (j-a l-lSUI I j-A 4 jtr jjlUl jLSj ii- i i .iLaJLi j j<j uJI 
ijL^ill «Lu! dJsjJI JljJiJO 4ijjJa Jio! <j-a Jjl 4j| La£ i4jSLiiII oLiI i ..-»JI 
*Lal^ oJjtj (j-a L&LuJ ^pJI cGjjJaJI iJj^V! J-lC (j .i a i" i t l ^Lijjl J-^»J-J 

2 A . t -Lit 

dJ-LoJI ^ t r I j « i '— j (-5 -j-J! 3j_ljSLII cjLilJllj i L^j ^La cjLjIjjJI 

^1 ^>-jJ (_gj-ll £-aljJ*-J 4jjl a i ntl CjL^j_>JI) t_jL£ sLi^sLisjj 

,jj JLa^e-a 4_UI J jf JlLa t_ijj(JI diiill »l air (jx. JLjJLkJI ^Ijj 
^Ja (j^J- 0 -*-!' O^^-^'j - " lS 1 -^' 'tyjW^' (j 1 "S c 

(j^-SLLaJ| jLj^ JL>.| i^j-Lall j-a^. (jJ (j-aj>.jJI JU£. (j-l i n-»Jl Liajlj 
«uLl^ dilju J ^ uijj i^La^l (^Jl 3 j<t All 2 Lgj^l!! SJbt^: I^jlS J (jjj-II Vj^' 
2 SjS, ' It jL^sj^I (jjLj/I ( _ ;r L. d < i>ij (_gjJ! (41iliiJI j£Lll jj ir^i) j j^j uJI 
Cj Lc j_aj>JL t (jji^. L^JujjJ ^aJ L^J Ljtl j t jJLa (jjj Li^J i cLdJjjJ, 1 ^ j^e-lI t 1 ^-L 

1 j , >.« ■ 1 d 1 1 ,i ilLl L^aojo j_a Ijj i a rt cLc j^jj?e_a ^JSLI (3^-^ t^-^J (jr^ ^a^-JI 
LAcI a i ill jl ^jja_JI dJJt ^L^jl C^jjI w U i a flJ JjJl>. dllj ^Ijj i(jAjgJI 
i A t", ^- /i 1 j_ a I jjt j~ Laljj>.| (_jJ-II tfjL^jl J^Llj S-^^ C^i ^ '"'J '"' (jj-^' 
j_uSLll i_aLu3 I JLfli i^jij-uJI (jLkjjJI jjI i_3jjjlil (jS-LcJI joJL«JI La I iOjj>.jJ! 

i m y) (jjiJI (jl t_!jjJI dJLLflJI »l a If J-i^. JlSI i .itl \l A"<- VI jlSJ 
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^£ CjL£L_u]1 a JJt (J^>- Laj ^ (jj-^ d)^L_u d I t4_j_tHj1 iJ3 _l tfLilLa 
4JLjJL>. (_£J-lt ■ la i ojJI (J^>. 4_uL£La aj-i J**i < u a CjL^jj>. ijJj^elLa i4j3lj.Lt 
3jLitj_a (3_}La) 3jLt£. fii < >>^t1 ^jt LiUjU JL^aJLj^ ^(^paj^M j\^j-aj J a i nil 

L a-L j -J 'J-^-T (jLS!_a (jyJJ 4jLLa Qja tijjjtij jjl (jjj 4 i ii ri l (J_aa- JJ^^J 
^LaJLc (jL£j • (J^-SLII j^j-a Cr^" ^J^J" 0 3 *— ^rp 6 - 1 dajjijJI ijr 3 Sjlajv ^a 

^LcJI «j^>J! Lai .dJ! jjT 3 ■> j i ntl jSLI! j ^>==-iJI J-^j^ Lj 

CjLoL. (^Loj tiJj^tiU «.j_>J! ! j^-maj ii La i ujJI (_gjTije-L3 
La! iL&JjJLs. ijjj^tlj 4_iSL!j L&jjLtij V Lg-La 4JiLtj <_i£j£ ""'**•_' 

LjL>.^aJ (^>*j ^^5-1! jyll (j-*) *L«-t-uiH < i^l ^aSLILi aa. a i ul La ^Jl Lij-Laj ^oJj 

jSLI! <3lLl ell jJj 1 1 , ,,j j_2j-L£j£ LtjjjUc! jja u a i"ill (jl 
JjJLL! L«_Lj-i .ajlnmtl i_^!jSLI! (s >AjJtj ijUac j j_ai]l) 4-lL.IjJ! 5aMiJ! 

Lj_c L aj I (jl i<G_iLjJ! t_t^ljSLILi ^jj*_lJ! A j n i iu ^^^a <_ u i nil jj>.jjj 
(_Jj^>.^/l i—x^l jS!U La_Lu i^L^/l j^j_aj j-JJUJ CjjLi I LtajtJ I j . » . t <U-utlJL 
. ^ j a ill d 1 1 ii ilLi Lt^ajLJ 1 ^ .t d 1 1 n ilLi ^1 ^oj-o 4jljj-*_u Cj1^jj>. 
IjJjljUj-oLs i L^o^ ^^j?e_lLI d i i ,i rlLt t_d^t!La La 1^ i"ir 1 ^_u-o2IlJI I JLA 
dljjj »l infil l Lgj£j^>- l j i i i n Lj joJ (0^-1^ (_psj^l v£j^ L*i!j ,jjs 

ijr L, t i^l ^aSLII «Lc ^_aj?e-a ^3 j »2Jlj n a i"it1 1 ^aJL>.^l La_Lu aUTI ji ^ i n-»JI 

Constellation (3_l£^£LII) ^ . .J ^j^aJJI 4cjJiJ^a t;r JLc t_ij-«J! jiLi ji^j 

Ol jj 4j>-L>. jJ! j (^JiLjJI j J^Vl t_JjJI 3_i£a£j ji ir-iVl t_JjJI 5_i^a^ Jla 

M>J J! dJLLiJ! *LJ^ 

(jia-jij Ci Jl^j iaLa-1 ntl LLnI, j*aj*_JI 4j^sLs- -I a i ul 

j-UsLJI C^^I! ^^iv La^ 4-ajir"ii,iai.-ilUj 3_ul>.Vl tljLiil! ^Jl 4jJJJ(JI 

J^iJI j Fom AlHout OjjJI Betelguese ^Ij^jsJI Jajlj Altair jjLLJI Jla 



29 



(j-u-j^J <j_i (j_«^>.j_l! Jlj-C i ( _ ;r jjl3La]l jtr\i]\ ^yjZj Rigel (_L>.j_!lj Algol 

■} mi tl (—3^ 1 11^ ( j_oj^j (jjl J-t-^j ' OJJJ J ^ (j-UjSLlo] I Jl>.L^ ' aa 1 1 

jJjJ-lJ! £^ii-l (_£ j-!l I Ltaj] J-Aj iijJ^l-La 978 aLc 3j_&L2JI -i all i_3j i U3.J 

4JI »" t_uL>. ( _ ;r IL3- ( _ ;r j ; j^^2J! Lai . (jjjJa Sjju ^jJLJL>. j 1 11 jJa (jjSLj liiLbj 

(_gj_Lc Q^SLI! p 1 ■■ lilLall joJLc lJijJQJLi Lii«-a (jL^ jjia-* LUaJjJLi 

juoj ^ji^hj 1 ^ 3^ (j-* »1 0 1 11TL1 ^3 W**m Lo (J^ ^^JLlILi ^j^- jlsj i w La ■ --j 

(j^" Mill j ^tjj-tlj 3j-AjJ1 ( i^l ^ Li^ ij-*5_il!j jnq iiitlj 

^jl ' -tlj j '"-^ jjjj^L-oJI (jjJiJI ijr 3 ! j| miLc i^_uj)jjt dJLL^ »l qlr 4jujI (j^-3-> 
. (j^£LJ1 j^j-a (_pajV1 (jV cQjLoJI jj^j j -1 I Sj^Ls (^j-iaj^-dj (j_« J 

^(Sjj^Lui 1543-1473) (J^^SLjJijjj^ Vjiu c ,<l^ll i_J^ 1543 5_L^ 

q i nil a! 1 ii->- VI oljj-s) "^^(^ JLs <_^Sig (jlr Lu/ij SjjJilll i>juk 

J_jLu/ (jl (j-O (j£L*JJ (_^i>- (JSLI Ij^J-O (jj£j (jl C-iJSJ (J il 1 l" l t l (jl 

(jiuij t^J^- LaJ-tCJ . djjiilLl SjLuJI i_i£l jSLII 

t_f^l ^SLII £JL&\ ^JZ I ^ I I ,1-Wj jSLjJJJ^ Cjl_J_U3j-5 I (jl i ( _^-£sL>. (J*S <"l 1 

Copernical ^ titfi. J jj a I la i (jl <LlUj<JI 4_o-LLll (j-a IjJl>-j sCjjJaj (jlr «Lu 

Ul jitjjj/l (J^jj/I System 

CjI^jjs- £-f^ Sjl j i nil i—i^l jSLII (jl I Laa. (_psjH^I JL3 jjji j£_ujjj^ (jl (0-C.j-J 

. LoLx-i 4jjjIj CjljljLa 
CjLj_oI_j_3j SjLiJlc * jjL^jJ ^tJaJeJ (jl fiLujJLc (J^ (jl Clt-o-j 

pj 1 1543 j»Lc ( _ T i (j-^j^ Laj-i^. (jjijSLujjj^ (jl VI ijlj n" i .iL Sj-jj^ jLl^jI 

.udJjd SLajMJI LiV^I (jx VjL. I 

Ijjj (^^J3 tjt (2u^M_la 1 601 -1541) ^1 jj ^j-^iljJI J\\'o\\ JU^V 

i _ r Lc ^Jj-lj ^1)1^ J-i3 4_jSLliI1 Lojjj LaLse-uijI 



so 
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( _ ;r &lj_i ^sjLLi Cj>L>. i4jjjJl!I CjIjL>.^/I (jjs dj-uilm OjJLs- JlSj 

(j-o («^*-^l I u-lSj ji-LS i3jj_JojJI 3l_o. l^^- J-^ <JliJL»JI I JL&j 
«Luj/Jii^J! cLo-LiJI (j-a LjLajl j^lj I A-iSLLa 3j^>.| n ir\ cbl Li£^ ijJLn 3jLC 
(jj> dJSj (^1 iJjH L^al jii^L-ul Jjjj-u i5j^>.l 3-ji i4-ujl*Jlj 

d j I r (j-LUi S-O^Lua 1576 aLc IjU-aj-JS (jr-ifclj-J (j-Ll JL3 J 

^j*_lJ1 £_ua1 ^_a (J^jLjJL) 0^_]jL*_aj JL>.i JL9j <i i till cLjlLs) £l_L*_aj (^j-ajjIj^j) 
4_aj^UI CjLjLljJ! <ju<-aL>. i4_u-u ^jjj uic JJ>i »1 o i nil t_<£l j^IIj 

^ Hail I) 4_lLc (jjllal tiJlii a I la u <j-ajj (j-^Lh • LcaAJI j»ljj>-VI Jj^sjJ 

i .^Ij*^ !l 4 j& ^Jj -^'j j -j^j i^j^Sj -'J o^Ha * ^ * J ^ i(^^t_iLlJ1 

lj_& (j^3 'o^J^' (Jj^* j <i ->J.l ojut (jlj u no ."ill (J^a- jj^j 

(J^>« c_t^!^SLI1 JJ^J 1 0 m 1^ : ( ji> :> '^ qUalll 4_jj i im JUJL>JI aI la III 
4_jjJaj 1. . i n-w clis_<_u1j «QjLj ^jt VI tjj^^-uj-i^ iS'j ' ' n3» tj " ^ i"it1 

»l <i I r L^j-Lc jlj 4 _ ;r Ii_I1 4jSLLoII ljr i,\j^ CjLsjI (jla il 

. j£L;Ujjj£^ 4jjJaj cLkj^ (jr^- lIt^"^' SjsLaJ l ^ J '^L J - u ' UJ ^ * * 

Jj^*_a 4_oj^UI 4-jSjAJI CjLiI 1 n-»JI j-J-»J ( _ ;r aljj ^iejLj 4jjJaj ijlu^ Jiil 

t^j-cl i n ; ^j-UsLij j«JLc (jj-I! fiL>.Lct_i (jL^ «G_=»o ^JjLIs V (JLp* 

J—ljv jJI ^j^aie uill tjl^J ^ Lufc t j£ J > uiaJI CjI j i i n 11 j>jLt-£5j 1 ^J£^ C^LxIa 

t_jLiJ! i(l 630- 1 57 1) j \ j< (jLtj^. jj* o>«J! Jj =U juj o' ^^"'"J 

i-^-X-l LajLj^. 4_2jL3 SjL^a 4_La CjJLl Jl^J CjLlUsLjjJ! (JjijJj (_g jJI 

(jl i." 1 oTj tfjLi^jjl ^jiislLj/La ( _ ;r a!j^J IjlcI 1 ..a j-Ij^ ! jlcj n_^l jSLI! jlo 
(jjSLII jlcI jja w 1 a 23 c^jl£ L«£^ tixLj 4jjjI ^ i .nl SjLi-uJI i_<£^! j£JI oljl jLa 
.1 0 Mitl (jlj Elliptical 3 j t-jIj! itl jl (j-ajaLi jJaS ( _ ;r a Jj i,jjijSLuj_ij£^ JlJi£. 

t_!jH2j Lajii^. I 1 " Jjjj Sjlj 1 nil t—i^l jSLII (jl ^lill Q^jLill Lai 

L^jIjI Jua >ljj>.| fjjs I 1 1U SjjLSlLl 11 n i"ill (j-a SjjLiiijuJI L^jljljLa 



J I 



.jnO Mitl 3Ji_l*_lJ1 

lX^ 5 * l t^j£ lS^ ^Jj-^' (j^j f J-° o' 'tjjjLja J^j 

5_J^Lj_Jt \J^-i\ jJLjt aJJb (j-O £_o_>JLlJ i I J *^ ajju £_a t. < ( uLuj jml ilitl 

. a i ntl ^1jj>.^M (J-o-*3 cLujL>. 5jj9 ^jt ^ . >.**. » 
3Js^L«JI I a ■'""''■J (jl 4jLji/ J-Lo j-Ij^ ' " 1 1 1 La (j-a (jL^ JLaJ 

iHarmonic w Valj-.tl jjjjLULi I i^aj? iiJL\!l (jjjLUI ^ n . uj I Jl^Jj i4jLi. (_L->- 

. (j .I n utW j j£L!l Ljj_ajj>- Ij-jjL3 dJLut (jl jJsl jJI ( _ ;r a (j^y 
e^ajJLa i3_u jLjJI Su^Jij ^1 <j3o-u jLa i^j-JI jilt (jjjLaJI I jukj 

A j ^"1 '< a j 4j_sLi (j 11 0 i"itl (J^>- SjU>.l jJI 4L>.jJI jj^a ^jls i_j£j£LII 4jgj »" 1 iij (_g jJI 
SjHoJLl) ^ 0 i hi La j_A iSjLjJLxlt ^jj*_J1 JL>. t ' ga * i La3* (jj-^ £^ 4_LaJLl 

3j£LdJ1 p ^-s^ j_aj t^u-^tTuJI (J^>- L^jIjIl-lo i _ T ^ 4-n-LL^-t.**uJ 1 file ^_<jj>JL1 < t£l ^SLl 

dlljb ^juajlj ijSLjJI 4_jjJj1 _} 3jLu_aJ1 Ciljl > n a jL) dijLSJI jJLJI 

O-SjJI (jj-S <-_3j)j-*-o L<a_£ in 0 tli T1 aI ta-lU 4_u_uL_u^/1 ^j-ul ^Jl_*_a 

.j-UaUJI 

^1 c-jj<:,,it-tl ^jVl Sj-cU c-ij .^jl .(1 642- 1 564) (^IJU. _o-lLJU. * L^j 

^j-tloj-j-jJ j-)L-A j^JLtJ^JI O I jlla-tl I ^_iLua (jl (jj^>"jJ-U (jiiiJi^ - 1 609 ^L^- »Lo-uJi 

l_^>-j «l_oAj jl>.j !il uj it>jJ1 cQjLu1-^JL»J1 tjr ^ c_ij£L*_uij Jjl ^ r >^ ^^-11 j-a 

'■**' ' " J ^9 O " 0 ^ C? - ^ L>^-y IflM O^^^J^^ ^LliaJ ^-a -^jJ 

jjjG jLi^ 1 fi L»Jj I ^_lLJL>. t^lj JlHJ . 4-L<-u-^-J*aJ 1 LlI^. j_<j_^c_«q j^j-a ^^j-A (_>-3j ^1 

t^j .i o uJ| j_a LjJj^ S^LuflVl (J-«L^ L^>.j j-^Iij 4j1 J^>-^ i3j-AjJl 

J jj>. 3j-AjJ1 c_i£^^ Jlj jLi ^ a * (^jJI (j^SLuj-J^ ^LliiJ c-t-<-uJv L^IjJjlj 
j_j_LJL>. 4_j£HoJ1 Cjljull f'lil.l i>J_A OjlI^I Jl^j .1 0 <"itl j_a ^ Lea all (-_3j-LaJl 
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ijoJUil S-uLj^-iiJI i^jLjjJiil! (jj> jjiSLII (1727-1642) (jjj-u £x-ui\ ^jls 

.4_ajJHj.l 4sr i>iLill 3_l«1«-!I jLSLaVl ,j-a JLjJjlILi uixll jiLflJI I JJJ 

mi* llj 4_i_ojL_oJ1 (jy^* uiaJIj fiOjlliJ! (JJ-U (j-«-C- *M^tll Cj\^ I i ntl 

fjJt SJi^iill j\<6 jj-ul _jjs (jl (j-u (<U i2_ujL>JI Sjja (_£] ^ i n a uJI a I la * 1 1 

I jl^J a i i<-iL>. I gl^ j£LI! 4£j^>- (jlj i=Lu jL>JI (jjjL2J 3j_»iLJll 4j*_ujJI 

^ JulJj ^Iu_uVl ' Laj*. J_Lc ^laj^l ^LalLilj jj^>Jlj J_U C—u-uj Ltiaj t 

La_^_]JL>u ^T L ^-'- aJfc - (J^ (j'j i^Lu^" Saj9 4_u!iL>Jl (jl Ltiajl jp ajJ C.<-Ui Jt^j 

a L<-ar>> 1 ^j_<jj>. ijr 5 3jijj>.j_a SjJLJI j>J_A jl jjj^jj JjSj i 1 ^ ^ u * 4-B Lui-1, 1 

( _ ;T i£. cLujL>JI Sj^ ujLui> (^yjt (j^JJ-i ' " ' 3 y I J (jr^' l£>^-" 4jitJ! O-il^J 

al i ii '^•Vl C^jI^ I <iKj 4jJ! LlULjcj Ji^>-jJI ( _ ;r 3 ^ i"i (jLS ^la i ■■ 

^pJI jj ^» ,^tl j SjuaJI JLl^JI 31 1 ill i n'q ^jj^JI clu\£ UKj^l 

i5Jal m-j-ll 5J| i ii U (j! J^>-JJ J-'JI (jrlj (iHirH l?-^-'- 1 *' LhP"'J 

ojlaj*. J^SLI! ojl^ ^1 L^yLu I'llm" o^j*^' o' 
Jjj^jVI aLa-u i_jLj£ 1 687 aLc 4jLkjI (j3j-u (jjajjl j j i nil j-^uj JLSj 



5J 



S-ij-uJaJI 3 ii i nlnll 3 j i^iLjjJI Jj i^i^l ji Principia 
j^JJ J_Ua_aJLi (2>jJlJ ti dlaJI plr L^Laj 3ijJ_>JI ^jUtl <_ ilr I (jf lLLSi V 

^^LJL, 4jtJj ^jJI ^(jjjJkjLl! o>iJ! 3JuLj (1955 -1879) (jrCLuujI o j_JI 
o\aJI r.jjb ^pjl 3_ujl«JI djVI j Laj>? >— al j^JJ i31=cjJI 3 u^Lj^JI 

(-;r -al J-2-JI (jL&ii i."m i iUjI (_^<JI JJJL>J,I ij^jus cJj-iS ij_U3L>JI 

qju\ t \ 1 C' 3C (<*>jl L<J_£ i(j_J^_LJ I j j ' d U& (jy^l 4_ujl_>J! j!j-*_ol O-Jjlcj 

. 3x:j_<Jlj 3£jj»Jlj 3JsliaJI J^JjLa 
(jLSHI (j_a isLlx^LjjJ! 4jV.iL«-a (Jj>-aj Jj-><-> lX2 (j-G ui i_i? (j^ 

(<sJi id-^LiJI 3 j j 1 ..ill 3jj_tij , 1905 j»Lc 3 in. ill ^ 4-ujjiij ^jl 

.1916 j»Lc ^ dilj JJU dualxll 3 Hmitl 3jjJ^i (jlcl 
IjUJLa. Ij-n-i Llala. JL3 i3_^L>Jlj 3_oL«JI 3 n , nitl (^ijjiij (ji Vj 

(jLSLa i(j-aj-Il j (jLSLU J 3_tSLII j SJsLLJI j 3^j^JI j S^Ul (>u blajjj njjSLl! 

at j i i ii i 11 cOLjjJajj A j i >i LjjJ 1 ^"^ i £j i aJ (ji (j-G i^i i_il c^l U>*. , 
(jlSHlj (j-ojJLl J^>-J V 4j| jjjSj i4_uj^><j CjVjLkjsj (jl- 1 ' J-^J 3_aL«Jlj 4-i^jL>JI 
-^^jLaj J . ^ ". ^ VI 4_<-3 Laj d_L£ Jj^>.^Jl Laj j j i n l La-& ^-^Ij (j^-Sllail 

jjfc 4jujV1 jLlj^I o jut (jjjLj/Ij t jLljI SjljjI Spacetime Continuum ^K-a 
juaj .S.s^jlII 3j>Llll 3_jJiL£_U jLuVl ^Jl ^LUsVLi j^lj jju <>o>1I 0^ 

j_a1 ^JaJI jl dtjiuJj i^j^SLIl 4-u-utJ 1 Sj^Ls w d ***' 1 dyQ i"i r it j^- 1 ! 3^ Cj^ L>. 

»l Ja-aJI JSLl/ j_Ju SjLil (j' J-* i3^L«Jl d jj i nill 3jjJaj j_Ajj>. (JaJj 

4jj/J_i^JI (jjs Curvature - I i a all (jjj^2j p j j ^ " Li-i «JlxI1 (j^j ijj^j^jj idjt^sjj 
(jl£j ■ (j-be-LU JaiJl Jj p j^" '"II tiajJl Sj£Loj JL>.Lj V (_^<J1 jLtj^/l SjJjdLa 
(jJJa-1 1 »l i a a ^ Sj^La (jl =b-aL>JI d jj 1 nill 3jjJaj ^jjs (jOjiiijI (^i^. 

jjt La (^1 dil j jjL>«j 3jsL«JI 3 j 1 1 ii ill ' LaJI 3jljjJo (jlr i-Sjjijj 4 _ jr SU 

I uijJLa VLa_a LaJil^ ,_3_Litj >l_UaAJI ( _ ;r 3 S^LII Ja^>-J (jl Ji^.V JLlS i JjljI 



lijA^9 Leu as i\\n\\ pic 



^ v^jlj-iilll ^jL2j SjLU (Jjl^cj (^jJ! i^l-Inertia ^1 jJI jj.^tl jl <LujL*l! 

Jljo j i ii i ^LSLtl (j! isLj^jLiJI 4 j 1 1 ii ill A^j taJLlI ( _ ;r 3 Lf " ■* *jl JjJLj 
Luljj i Ij,,,,;, (J^>- JJ^J 4_lu3jV1 Sj^LJI ^Ja i i_ilj^tlu LuV ^j^SLII 

^^pajVI £_o n o Mill lillljj n o <"ill (J^>« CJ-^J ^ ' 1 L^J^ t -^J- ?E ^ J 

^ i i Ml Jjjj ^0 Lo-^- 56 ^ ^5-?° c^- ^ t-uuJLj jjuuii * i n*itl ( i£l^£LJ1 

I i i .1 1> uij I j ■ iLaj Jj^ jj d- l _g j ^a.VI cjlj^^l^-LujL^a (jLa L*jljj (Milky Way 

r I i a a 1 1 ( _ ;r 3 4Jiiia-Lo-Cj Ij-^J. I ( _^L^-LujLX-a (jL3 I i n aL>.j t^taJu I j » " jj '"■ 

(j-oj-I! (JjjLlS L_J t I jl l_Ljl_l (j-CjIlijI JLS Ijj-fljJI 4 J I I ii I (Jt^^-^J 

1 fl-15-se a (jl—L^j^ ( _ ;r i ^ i a sc liiljj l_Lil£j i4-uj£ 4jjL>. ^1 4-im-LlLl 
jjjjLlS CjIjjI j"-^' LaJLa-" i nl Ijl (jy^>* ' £p *\"->- * {J<j\^aj ^j^La- i gj i n I o j ll a 
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lijA^9 Leu as i\\n\\ pic 




U$£lt j jail 

JL3 i2La±L>JL! 3 iSlaJI 

< J j-t— t.*uJ 1 ^jy-LC' ^JiSZ-u-aX 1 l£j i £j_Jo*j cLi_Aj J 

. ^11 ju jL^tll «lLu_oj ^ *j »1 <i i nil ^1 jl?-**k 
^jjJL^I j i5_^S_J_flJI I ■» II j»j S3 

w j'a Nebulae (^-jI j . ,i II jf) . nil Lof 
Lajj^. jJl2j J'C ."ill i3i5Lt 3jjl n . 

dJJjj i3jj^>J,l <>J(JLl L#ia JjISlI VI ^jj V LL&J 
' ga all ijr 5 ^jLu jj>.VI ^j^* Jlj ^IL*_a I j l*3ji * 

^o-SI J i n tl i I J 1 1 (_ylll ^j^c-JI CjLcLjuI/I 

fiLbl_u_a CjL>.^_a * Mil JLl*3 g j . >. 1 1 ^ V. ^ « 
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CjljLc (j-o O^SiU 3jjLc <*JI JLt« 1 dl * j' 1 * i w J I jj a II Ltj-^la^a i5j-<-u 4jLJuj I j Lu 
mJjj-so f. I LtaAl b tLalaJLa ^Ltij ^Li I a LJLc (^-Aj d IV 1-»J1 ^fl 3jLc 

Ujj>. q^Sjj i Ljii.!j LiLo~ij cj!j_>J,! i>L><jI j^>-jj 3jj_>JU ^uIjuJIj 

(j-o (jj^Llj Jj^l £j-l!Ls i4-u£j£ ji sL«IL«-a ji 3jjLc j<u! JUj/ Lai (^^J • Lj-La 
(j^LaVl JL^.jJL3 3 a~nU (<u!j-t! La! i ! Jjv 43L&JI Sijifl 3j)Lc oLu}^. 

JjJaLLU (jJI 3 j i .I i ILi ^j^JJI jj^c L&lS JJL ^pJI jf <j-a 3_JL>J! 

j^j-a JUa-jjj *j a oli 1 I j^iSij 4_u£jSLII jojIjuJ! (^-Sj • L$J 4 tagaJl I 

I J_^J 3-j^SLLI 5jLtl (jLj lilLall »l a Ir jJjjjljj iSjIj^>JI Jj_ui (0^?° * 3 11 *° * " 
. Lgjljjj «Lul *j a aj 1 1 ^^a^e-J! I j" * I U t ^yaJI 3.jLU ( _ ;r & ijojIjuJ! (j-a ^j-iJ! 
i4iaL>. LjJSJj Sjlj-ia ^J-?*- 1 (jr^ LSi-^-^ i3j^j*-a^LJI JujJ! Lai 

Si jj ij^>- j-i- 0 -"^ l>f^ La^Loi-l j<ul jlxJI i_dJj (JK i"i 1 1 

, I ^vjjt^" CjLoL>. <Jii-a-> ^jl JU-aJ1 L^j j j laj < > ^11 d a u >i 1 1 jj ' aaJl dJJj (jl 
Cj I jJLao_L£LJ I jj-a CjLxa ea * 4jr JI < i«LLkJ_a «Lcj-*_u_l ^jljU_uJI jjjGj 
jt^ jiuJ i ,i || a ta 5 ' 4jL3 liilj ^-aj t4£u nLalLa 4^jj>. 4jj1/ ( _ ;r 3 4_uL\II ( _ ;r 3 
ij>j-^j-_a (J^>> fiLLaL^ ^UjJ tj\jLuA\ jj-a (^J^- 5 ^-* ^ * t ta * 4jr JI ^LL=»o 

• aSIJluJI 4j i^jJ! (JjL^JI (<i^>JI (jJJ liili 

J^Laj j mi" m , 0 t^»tt (jjSUI CjI jo-j w j'a Galaxies cjIj^>J,I Lai 

jj^>JI ^ fei^ (3-^ aJ (J-*J J^t-a^LII ^j-l^SLII ^ LcilAJI (j-a 4^j-flj_a ^ ljj>»l 

J_*_u (j_a q i ii 1 1 ^Ij-j>.^I (j_a L_sVI (j_a (j^Sjlj • 4_u^£LJ1 

Jj^>. I j .'-->» _i JJJJ iCjIjLcj j^j^ jLtC.J ijJjLuj CjLijjLaj j»jj>>jj 
(jr jt CjIj^>J,Ij ■ A *C i iiLalLa ajlac 3jL>.j I jl»->-*'a 4_uiL>JI I j Laj^ij 'Q^*.' 
ia| k", J i s |_Ua_flJI CjIj_>J,I ^jjJJ • LtjjLLaj ..^^jaJjl jj^a jlSLa 

fiLc ^_a_>JL1 l—aj . d A I" ^ (JLSLtI/1 ^^^-5 ^ i"i**(M ^-&>$ ^ mi^w JL>. La-llj 
i l Jjj>.^I <tjjl a i nil L^aljj>-i J^J iL*jLa2ij Lgj^lj^J L^a^tll 3 j i n n Mill 
^L»j>.^lj (Jl*\ miVI cLaJHjt_a CjIj^>JLI (jO^L) (j_a 3j^?e_a (j-a 3_)LilI ^Jj^ <V> £J^>« 
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CjLcj-*_uj ^j^* « (2)^ I^-L^aju jLcLjjj Cj!j->JL1 (jl lillAJl »1 air ^* * iSj^3 

Lta-ljj L$j| ^1 (j^jj&jjj Jj (jj^JI («^>- liUjj .it.sjj^ 3j_u^ 

. (.iJ-alLU (j^oSLlI) 4jjJsi_l11 (^^-Lc. 1 jjilkilj i Luj^?e_a Ljljj-*_u 

J^Ls. ^jjcj 2 . j<j ill 4 j uiJ La LJ ljul icLo-uJI I UllaJ Ijl 

d 2 ^ 9 S cLj-jo-Us Ja^Ll jj-* tl)^^- 1 ^LjjLs^oJ j t^ill LLtzSJ llilj i LaJLLa ci tJaAli 

(jjjJaJLl i_3jj>j La IjUtJ n\ a i ntl J-j^ (^yi jCLajs w ' jLtC. 'LLui (.^Lc JJ-JJ 

l_LLcj_a^*_a (_gaJL>o 3j_>JU ( _ T jfc w 9 Milky Way q\ > ~ II <3j>1= er-^J' 

. jiJ\ (QajJ- 0 l_ijf) QaJj I 30 j^JI _tp. (jJI ^aL^Ll 3jma i~u\\ 

(j-a JjLgJ! £-a^tiJ! \jJt ( _ ;r 3 a I La£ ] A * i ugll i_i£!j£LJ! ^^^jaLij (j n a i"itl (jl 

J-jJLaj j-^J-t' 1 n 1 " Lt413^ 3 " -5' CrA^ O^J^ U^-" '-H^^J 'fj^?-^' 

jj^ i4_ua-U3 4_uj/ i_kJl 4jLa ^1 oj^i£i £-Lua (j-C^L>JI J_t£. i '1 a i ntl 
JijLilLi 4_aLx_Ll! ( _ ;r 3 JL>.Gj i4_uaj^3 4_u-u 1 all J u*£ d nn^. ^1 j^j_U J_t£. 

4 i i u i_iJl <j-G^Ljj 4j^Lj ^l^s* 4_aLi^a ( _ ;r Lc. 4 J i u a '"ill 4^.jjjj>J,! £-2jj 

"i 1 " Jj£. ^jjjJLsJI J I l_Jaltl JL>.| *j^>JLI j^J-a (j-a ^ '^sLuaaJa 

J}L>. IjLa 4Liejj ^jJ! (j^AaJI .UA.tt (^Ic iSj^>J,l iflLs- j^JI jjjJaJI 

.jLi_>J1 ( _^-£3J-^11 IjLA 

j-a^/1 j i^^j-la^LII jLiJI (. ■ sc i u \ ^(jr^° LtJ^stja j^j-aj Lul£La P I * ^ 1 1 j 

' - ) 1 'j « ■ ^' * J^ojIIi-a j-ai I J ijS^JJ Luj^?e_a ^J'C mi 4^jjt_a LuJ^L?E_a ^Jjt^t_l ^jJI 

l_Lil ^1 "i i" i ill i4_lj>-jL>. Cj!j^»_a 4jj/IjJLi i i £JL1 ajl cl nUt (jSLal (jSLIj . «Laj>- 
^_a I j .^1 ^j>. L^-ll mi" 4 L^J p £~ ■ n <<*>jt 4_j_JoJ 3j^?e_a ^3 ( _^ojjlj 

^_j_aj_L_L^ lJiJI 4j LaJ^ij cLsLji_a ^Jaju 5- j ■ ^11) etlal^ 4_Ltu jJ^L>- f j 1 eaJl I j * La a 1 j^^jJ' 

.(3j3.I^JI 



jj_a ( _^>jja 3jl_t_C l_Ljj-j?E_a (jl ^y-&> L^3»Li ***' i til (3^-°' ' a ^ ' 3 

n_aljJo^/l J_ic i_i-L»-l j^j_U ( _ ;r 3 i d j q i ii i^^jSLI! jUJIj jLulILj Jojlit-a 

^jlj-Jt^ (J-a-*3 (^j>.J)j JLl^J! jLc. {j-b ljL>. d l-s-l-fc-a 4_iL?e_i_u jj-a ■ ' ^ ?lj 
.S-Uj}-^' Cr^ (_g I»-J ( jLuJ! (SljjJ!) 3j^>J,l j^J-a 4-La JuOuJ 

( _ ;r i 4_j_ijjJL>. 3-J^1-J (j-a s. I j^j. ! jjjj-oj i3ji-^>. 4ijj_Laj 

(. i se mi (jLSLa J_)J_=*J a" I &j 1 < ^jy^JI Ouja-iJul ^jyl^. ^oj?e_l!! fiU_o!jJ ^^^3 

. Luj^a £j ^ ji j-L>J I J .v. at Sj£La 

n» m II 4*$«A*I 

jO-ta-g. I (j_a LoljJ 1 L^^Lal d j 1 11 a i"i II jjjjca V^' 3^ J^H-" o! 

1 I LLlc! ^Lai q"i 1 11 a LaljjJI aJJt (Jila-lj j uiAl 43j|jJlil CjLaljjJ! 

L^_Lu ^j-aj-d ♦ 1 n"it1 ( i^1^£LII L-a_Lu ^ 1 nj^jJI jjjJLj Jim iiitl L^j^ ^JLjj 

. 3jt£,L_u-o jljjt ■Sj^Je-q-l- 1 i i «aj t 

f^ji\ 4jjl 0 1 nil 4£LLJil tfJUfc ( _ ;r 3 l jL^u'^! (Ji-jdJ 4 * jUa ^?'^> (J-*-*- 1 Lh^J^' 

. (Jj^ls J_ai JuLa d Ac 4_aj^t_a Clul^ 

Lj-L<ajug «Ljjl_iia_jj ^1 4_jjt_LLjJ_Al t i^l ^SLII Cjljl i n 0^ n 0 i"itl . . {£j£jX\ \ $ 0 >■ ) 

. 4jC LuJ 1 L_l) Lie j_u_u jLu^5 



L^jIjjj «lJj| ( _ ;r a LajjLajs (j-^ cJr!- 4 - 1 i ^ Ju ""^ ' d. ' d-^J o " " '"'^ o! 

jJljj m£J-JI 4 ( jjj^j1jj1 c_^^SLI1 »1 uj ( uu i Ltiajt JL>.1j i>l_r»o1 ijr 5 L^_mAj (J^>*J 
. ^^j-a-aLcj c-*-Jj-C JSLiHij «LuL>. ^^ji^. ^-J^J 
(^jjJLl-(_p3jV!-Sj_AjJ!- .5jLta£.) (j ii o i"itl (jjs 4_Ljj_aJ! i_i£lj£LJI ^1 Ja a. ^1 J j 

- 1 I r-l (ji^-l ' I J '** jtl OUjjjS lil j&J*->JI J » I r-l 

i(QjILLj- 1 j^j-iljj?- ( Jj.j- L gj" miU) 4-jjLLJI <L»Je-LaJI jSLI! Jj^ (j_o <13lS£^I£l 

i«UI sialic jjls ^iilj-o d i ii li-^j ^-"^j i u*-} iSj * 1 ^1 s-^' j^JI <tfllii£ ^jljiu j! 
oi-jjlj>. j-^j SjLcLil! ojla J-Jjj i(^3yLi) jjj/LiI! <_i£j£L!l Lol 
dJLLj i>l j" iVI ^j-jcj" i n_t Lxjjj i Jljlj tfj^c. j j i iu j«Jj I j j i hi i— a I mm^VI 

. i .1 ill I a i ~ ijJLLa (j! 1 5 j r ■■ o uJI ic.j^ijJ.1 t>u SJsljIjJI 
c_*£^^ j I Jla j l^a ' a ' a * ^jt ^ ' aj| n o <"il1 1 ^SLII _}L*-ii t^- 1 

. ijjuq Mill 4_o*Lj ^j-a 4_jJI < i^l ^SLII * ijJs I j I jj. j UStl i ^ . ^ * i ^«''^ (J_}L*_] 

250 l_Ljj-j?E_-a j-^j—a J - " 1 ^ d j i n o ilill ^jcls^jz^ 

.Cosmic Year (3_u^SL!l 3 i . ..tl) I jjl^ jjlU^ t 3 ; , „ Q^jia 

Lfl (j! < j l Ml i I 3l J^TI ^ J_*_LJJ Jl^tJJJ j^pSjVl -ij-p Jll^ Mill (jj-i 

i(_p3j^/l 3Ll>JI 4cL<S/L> ^ La 1 1 Sjaj-oJI 4_uut^/l OJLA m i"ilt (Jjt^cJ 

i>JLA ij^pajVl 4jr II ■ aJ (jy^J! jno ilill 4^LLs ^j-a cLLjjtXI 4 1 1 n ill dJJj 

t^j n o uiJI jj-a j^psj^/l 1 j 1 ■ ^" . ^jJI 3jIj->JIj p j i ga 1 1 (j-* ^ ' d 1 1 n ill 

.3l_j_>JI u^a^LuJ 
(jug i"ill (jl I ^Sjjj (jl (J^3 i4j^L»ILa (JL^>- 1 ( _ ;r 3 (JjjLJI jj^j^La (jiLc J^J 

<i i"ill <Ll»A? Q^lLiLjJIj UJJ H ' "* ^ ^J- 3 ' ^1 i a a 1 1 ^_^S: j»Ijl>.^I 

ja£.jJLi i JLiLnll L^J I j^iLjaij jtuJajtll 4J^I La>jjjl£.L3 i3jlj_>Jlj s-j^aU J-J-i-<i^ 
^LdJLaJI lJJJJ LtaXl I (3~^' - ^ ^ I d 1 1 n ilLj LUs-aLc I Sj ut dul^ L^jl ^j- 4 

JJJJO 1^.1 U"l I i ll dliflJI *Lsi^. (ji (jjl («jLjJLlJ lljLA Li-OJJ (j^-J 
( _ ;r 3 I jlbtJJ I ^ t-LjiaJlj (_gjL<ljSLII I j JJ^j" (j-ll I J I lr-1 JJJ i LjjJJCJS ( _ ;r 3 (j HQ l"ltl 
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. I ila t_)L2jJI ' a ^1 ^LLso SjLjJLc jIj_<j/I 

<_^Ij^_!I ( _ ;r SLij 4_j_UsjVI Sj£L!l o'jj-^ ^j-* - p " '"' cr^" tr* 0 " " '"'Hj 

■ la al -»"'■* 4JljL& 3 jJL 4 j i no i"itl Ac a-«_>J. I g.1 ''-"*! j£> ujJLto j_, 1 1 gjt-lljjj 

(_^3 liLIjj 3 < i II (-."CljSLil L^Jja. (j-oj iSjl»>I_jJI 2Lul!tII ^ jla 220 

(jjJUj HjLjjuVI Lg-3j_c (j-J-II CjUaLlaJI ^j-«j>- j.i<^>« (j no ."ill 

'J^jJj ' ea 1 1 jj-* 3 ^ J ' «° I p^ (J^J 'L^J^ c_ t£^^ 3-5^ ^W-**-^ cJ .!'*'**' i n" Lff£.l * Mil 

.fjjLujjJI ^"i mi i 3jL»_>JI 4-^,1 * mi VI L^naLLs L-L^o 3_}L(LLi_uVlj tipaj^l 

n (j Mill ' a flj 3j-uSLll 4j3l i nt1 i]^|j>. t^j h (j Mill d ♦ Mil jl mm tl ^Lat ijr a 

i >, \ V , i U. , ,.j"t 1 rt ^ j**' rt jb^ UJ^ rt c^b"^ lP^J^ 

■3J i ill (jy^-Il 3j-oJl1I cLdJj^JLI 3jlj->JI j^)^ Cr^- 1 O' (l)^- 4 - 1 ^ n 0 Mill ^^u3 ijr 3 

.3 m, in Mill SJaliaJI ajjt (j^b . U ^ , „ « 1 ^"^j MjjJI 
CjLvjJ ( _ ;r 3 l_L>.Lajjl CjljlJLlI CLs\j j (J^Lfllu i4ijL^JI u n <i i"itl (Ji- 1 Jj j 
*j ^l^*. ^1 j^j_U ( _ ;r 3 CjLj-j jJI jj-U^La ^jljjj 1 1 JL>- 4_JLc SjIjjs. 
iciliaJI »l glr fi la « " ,jjs V^j^ w aJj (^ylll 2jj laillj .^JajJI ^Ir 3j>-jJ i_sVT 
4_jjjJJI Cj^icLajJIj ' ^CjL>.La J_jVI (j^. 4_><jLi (j 11 n i"itl 4^Uo (jLi 
SjIj^>JIj J^Lfllll SjlJu l. 1 1 1 > 1 ■> iCij n~ 1 11 a ^ a 1 aj I jja ^1 jjj (^^ill iM^tlj^-jij JljI^JI 

(I*) 

-tl/Gjj tj^j 4_AjLiAj5L]' Cj^LcLalll (jUaxi jjhJI Lii-jG (_yA 5al Ull 4.^5 ^^LLajl 

M^i^ <J^f ftlj^>-^l 4Jj5 jj^j^ $\ Cf^j^- ^J- 1 ^'j^ ^ \ ... ^'-1 I ^ tg ^TlI] jjhJI 4_JU_*J' (jril 

Jj-so t j_c <t>]Li 2 U tl t j_a oj-^A 4_pais U'.l . UjJe-uxa al - - ajVI I jut iJ-i^^H clITi^ 
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j " g Jta '< i ii II (j-Ia U5r!^-o Cr"-?^ (J- 5 ^ 4iLaiU eJJb i Ui iMI jj? JiJ 

i.-.i.ijt t 3j,,io .'iill ajaLUJI ^Hi^lJI Sljj^jJJI 4jjI j^»JI 2uLutJlj . j^jil 

J l<jll jLc ^1 jj-^J-jlJ ^-£$-11 jLc. Jj^^o (ji^- (J-«-*J Cj^LcLiill (jja A \ i ui i ,i 

.2J5L$JI iU^U^iVI 

SljLgJI oljLiJI 3 h nil (^jaJ (_,!>. i3£j^>JI ujIj (j no Mill ^Ja ■ - a tilljjj 

gii»mll 

^ 2 1 II d 1 1 1 11 a n 0 mi II CjLoljjJI ^j^* 1 J^JJ (jl_o*^M ^j^* 1 ijr s 

j_al ^laJI JJ^I (j-o J-p-*J (jr^' ^ J ' " " '"'^ 
^ 2 1^ * 1 1 «LLsL^t_a (JlaJI ti 1 n" «t_£l_} 3_jj^j-« cL^La_La . . ^ Ji^t_a ^-ualj gJS! mi 
j^>.Llil I j l< .". ^^.3 d j i n 0 i"itl ^-^-11 JJLjjj 'ij^^' 4jj1 g 1 n" 3*LUsl 

***< 1 n 11 jmi Mill (j^ji ^^j^ 3_a1jjl^ 

J \ ^ t £2—1 T ijr JI^>. I 1^ a tj^^- 1 i5j-jQ (JjV ^ J I H 0 Mill £-ILj1 JJjl^ J_t£,J 

ijHa L-oJi 30 ^1 _y>. ^1 I U a -il-Sj^ f\5i ' "' Cr'' -5 s " UJ 1 c J"" 1 

d Mm] ni cL*JL) L_£iJl 80 ^^j-JI J ' > ^)l_o*VI ^j^* 1 Cr^J 

i-,UA j 1947 j»Lc Jj/jI 1 ~ 'j j La (_^lll ij^L>JI c^^JI (^j^- I j^jt - ■ ■■" 

ijr II 3jHa j^jj ^ A"."^" ^_*5_(J V 3j-jJLt-£aJI d J 1 n 0 Mill ^JLJI ^yuuj 

j<U (j S jj^ i L#J j-Ia^ J-J^l tbtagJI J 1 aJ La J-i^. Lol ij»Ljl 

d j mi n Mill 4jl2jJI (jl ^?<- 1 1 La ' "j" 1 ^ I cr^J 1 w ^~ (J I (_pL»SLiVI I Juj 

(j^SLj 4 j mi a Mill J-iJI Jj-^J dlLill ljr £ (iujijjl mJIjJIj <j-o J^l 

C1jVL^>J.I i>j_4 ? mi Tt j^>-jVl u \ r j t 3 j mi j ULULa oVL*_4J 3 J j a= 1 a " 

^VUJ.1 
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yfcjZf UdM« 

jj-a j^>> I («->»J * J J-^I i^_)1^jJ1 £ JJt (jy-zS • " <1 uill d * Mil ^j-a cLajj>. (jL) i^JLuJI 

jJaj 1 ^ 3 .• ^ 3-^ ijJ^Lal w I c I j * " t_ij_aJLi 4 j 1 no ."ill 3^.jjij>J,I 

i.-."ilfi'tLa 1 I^UCLi 4£:jjjjc-dJ (J^SJ-JI (jlj-JiLi J^Li-V! tPl (O-*-*^ ^i>^W- 
La (jLcju-uJ 1 JL^^tUJI 4jr a CjLta_j_>Jt! i>Lui CjIjuj q u <i <"i!1 d Lea j^pajVI 
i(j 11 q i"i II (j^ajJs I 1 J I (jIuiSLllj . Jlj1>JI (jjs (j-CLo £jj (_psj^/l 
w 2 1 1 JL>.|j i I JL>. j j< iro jc^ej>. ^3 ^-t-Ltag] i^LtS jj-* d 0-la.itll £)L^ m£ jJI 

*j a a 1 1 ( _p3j^/l ^Ja_<_u (JJ5^ LHaL>. I ua U^-Ua 
^LSL>.l_j 4_H_LlLa 4 1 Jut J) ^ ""**'" ^1 (J-$1L>JU (j_o 4_i-aJLll £JLAj 

(jt <-~i J Be 1 t<L>.l I nil (JjLffc A^J?e_lJ1 (j-O JJ_4_LI s ^ < a Atlj t^j ,i Q Mill (J^>> L^Sj-fl 

'I ttJLcl (_£J—o (j 1 -^ 4_i^a_2J! (j-SLIj iaJLuJj jLCj a 'I i aj lijjJLs. JL4I0-I 

SJaLlaJI (j^ 1 ^y* 2 '_' V jl jloI (jyl^- i(_psjVI (JS3^ Ltjjj^s jjluij SLl>JI 



J_«_i w I c I j j 1 11 1 j^a-J! 4^L^ J23 Ca> talll (^Jj-laJI JL>- jjj n_£jLc 
jii n mi II t^JUlJI c_t^SLII Li^ i Luju?e_a j^j-a ^LuiXI ^^yiiij 
.jILoyLi^ 12600 ^l^s. (_psjVI ' . '^j^- j la 3 J-Luj '^J-^j-^J 'j^ ta£ 

i_3^l_iJI lj 1 plxgaa 4_Lloj_u * CL^- 1 ^Lt-tlut i ( _paj^l (j- 56 - 1 ^ 

d ijri 1 ntl (_)-<-u^j iJli-ire-i i_ajSLo LiLuj ^>-J i4jLaJL>.j <LajLIoj jJl»jj (_g jJI (_£jj>«JI 
A ]ri i i" t a J tViq (j .1 <i ." i l l I (j j 1 ."i's'i (_yjJI S^LIaJI (jjiii 1* 

. 1 t^^s'" 3l_j_>J1 
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<GjLj i * ^" l_4_il£j jJljj L^jV i J_rtj La_il &JJb r 1 L^a aJ| 4_LuL_u jj^-J^ 

j j g J j (J-jLwjj L_klj 1 *r 1 >>j t (j! ij^oVl d a-L^v Lai . LfejLojaTj J^'j 

L<j_tfuJ 1 i_La_SJl * i>Lbj-Li (J _<i-<-u-i jj^tt-a J jjv j^psjVl Jjj « -j-u-^-lTuJ 1 
jJl iPolaris ^^jla^Jl ^e_L!1 4jjij (jSU-i ^1 0 uJl ^ .U^tl £L>uLjj ^j_L>J1j 

ijr i£. 3jj?t^tlua d ^ ^t^« tl L^I^LlA (j-* VI ^JJ-H J^l (jjl L^-I J-ftJ ^-J 

L^_jLj3 I j Lis L) 4jr j3 (jJaJJIj jq_4_>J1 jj-a <-_)j_^>. dJLLA C^JIj Laj i Jju c_titJ 
j1j-<tu_ul_j (_p=>j VI ^ U. , ,.t 4j^1jJl>J1 ^JLjlLI ^-jju (^y!^. t^Ja-i oil 4jj_*j (J_a1 

<Laic t i \a L^_) 'Ui>< La L-bj t lLL! Ju JU^i2-i Lu Ls i ^ 1 iia ^1 1 ^ I^j>. t ,\a L»-m 
1 La j U (J_Lo i ij j_jLL1j (j-u-il—jJI ^U^t 1 jJlLo iduL£^ 4_oj_a 
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:4_u_u_uj ol 3 iLa Cj^Jj (^1 3_}Lc (_pajV1 (jJaLi Lo*^J^_j_>J1 »l glf a ■ 3 * 

ijr II Lajjju p . iJ3 _Aj 4jLo ijr l! L^SI o i ^-J-j-ij • Sj-iioill - 1 

4 3 ■ (j^Iuj lj^-« 50 3^>* «LSL<j_*-uJ l_3^1jlJ! : 1 o its ji^ni^ 

d 3 tla ^<u iCjIjL^JI L$_L« (j^£Ljj 4_u_uL_u^M SjLLI idi-ulj^>JI j^t_t-a 

.cJjLJI j^it^a <j-a l£>»-f 
i sLfljiijSLa j_lC J-"- 3 2900 ^1 _y>. I 1 ' uj 4 La i ujlJ I <L3glaJ I -2 

J 3j * I Ij 4 _}l ^jz jj- 0 C/^J"^ 4Jaj u La JjjjJs (j£. I ^ Cj Lo^ LtX I (j>-b, J'^-»'J 

.(jjjl>JL^) 4Ll2IL!! cjljJLil! ju i .1^1 ^ LlLlII ijjla (ji 

jL2^:VI Jjj-ujj ij^o^ii^ 3300^1 ^ LgSUx^j . (Zljlll) 4jj£jJ.I 2 lAaj\ -3 

jl j Laj| 5JL>. (j-Sj 1 1 Ji^- S_lILc "isL^ CjI j jjs (j_o SjjSLo L#jl_i si oUtl (j-u 
.(J£LuJtj JUJL>Jl ^_->l (jLl (j j * La 'J ^Jjj j 1 ug 

(jlfs (j-LaLi (_--- 3jlj_>JI CjL>.j_i -1 1 1 11 ) i_3j_3^-l Li-iji jJj 

.-_iLaj_j_a £jjz 3j_j__]l (j-<_-ljj-l oLjI LbtxqJ Lx_4 I 1 -aj| i__LJ_> (j-alg-j 1 ■■ I (jl I ijlr 
(j-oj^/l (j-Lal-J (jl 1 'I i"i V (_gjJI j-oVI (j^~Jj 'c^ 3 -^ LaSI-l Luk (JjjLlUJIj 
1 'I 1 * (j_a dUo (j-Lc (Jjl Ij £ jl j L--.I SJLs- (jy^J JyJl_-i 

(^JLllj i3_uL^j_JI ^jAUll jIjji L^jIc i_g>ii>o (jlll SiSL^JI IjjIj^JI 43LL2JI 

. (^j-il^j-jJI ' aaJl jc-i-ul L^-i^ (3-LLaJ -il jj-« (JjLi-u 3j^_t-a ^j^?ej 

( _ r JLc '(jl J U II «L>-jJ (jJI Jj^aJ 3jlj_>JI (jl (jlsjILflj (jl ^jU" uUJ 

«L>.jJ 2200 (^1 j^>. (^1 J 1 ^"j i(_p3j^/l ^_La_m (j-js CjIj_j_o ^ij^ Sj^Ij Jijlj 
LxljJjj JJ"*" ' a ^ J ^ ' ^J^J— i>J-A w ij^l-a ^Lj^ 50 J) 0 c (jjl^. 4j^xa 

(jlJ L^JjIjJS- =L>.jJJ '(jlsjVI (j-IaLl (j-O Jj^^-j ''tH^J-^' j<SJ1->>JI (jl I JJt 

J-LJtj <_)i=jVl (j-Lab ^ JUJUSJI iaJLUaJI (jl jj£ . 4jj1o 2200 -120 

• sLcj^ILa * w a j J • gajl w 3 1 * CL*_iJt_j ^>.LLa (^y^ J J ' a U jj"^ ' aa 11 ' uLl^j 

S^aijlill iJjVjJI iijOa. ..,_p=jVl (jlaLi 4_LaLdl 4lLkJI JjVj ,jjij 
icLaJi 1 *-» (j_a .(_paj^/l i_3^L«J 3_j^SUI 2jj se-LaJI cLajiaJI 4.LgATij Lt 4_uu->«JI 
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.JljJjJ! 3jJa-a ' " i c J i -■'"j i il L^JLalo.! Sjja (j£. Jaj-i^aJI jlj La ! jl (j^>- 
(j_a ' La IjILaalj^ 150 (j i c w I c J-Lu (j-LaL> ( _ ;r 3 (JjLgJ! JaJLi taJlj 

^e-ta-m Cjjso J^JJ •Jr'J-^' j" nj" LmJI (^r^. LtLa 120 (^l^a^. Lflae-La i ■■ 
jLx_lJ!j jl ta aVI i>Lj_a ^-^J (j-a 4_«_a^e-j_a 4_t^o^>. tfLj-a i Luiajl 

(jjSj ^-Jaji 'j t Lflia*! N j (_^ajV1 (jo^J £-a I mi i I J i ga * * iCjl_La_j_>JUj 

jj->- , ^.tl 4jt_j_Ja t. ■ i gjej Lgl-ttX j^JlL) 4_ulaL) 4_j_uajt CjLi1jj>. ijr 3 tfLJJ aJJt 
Ljj^—a (jlajVI 4j>-j i-C Ll aalu La <>LlU iJJLA (j-^ ' ^-d'Oj-'J ^i?- 90 (J"*"" 

.^uLLJI 



<LlUsj^/I Sj£LILi ■ La j — i CjljLiJI (j-a tLvj^/l 4^>- j i n'q 4-2-lLs (_£aj>J! i_S^L«J! 
*L>-j I J-J-a^J- J-^pJ I j/ a (JLi^flj! V 3jL>.j ^J^* 1 ^' rftjl J ' LaLa-i 

4 iil"-sJ,| CjIjLlIIIj (_gaj>JI jIj <i" i hVI (j^Laij I Lc^ljjJI j^!j_ai i(_paj^/l t_^a^ 

d 5 i La : (_^aju (33^ L^j^ajj CjULJa (j n (^jJl (_pajV! »1 aUtl p i ■■ a « 

. j j a i ^ i 1 -vuiaju V 1 -vuiaju ^j^j^ V I-j-loj-u i >j i "-j .ua i ^jjjjUJ 1 
1_^_jjj>. (^jjs (j"n» i (jr*^ 4-S-uaJI (^j-A i^j-jJLLU i_La_j_>JJ ^t) j-loj-uojjijIII 1 J 

' La i palLl I d a ' La M j>J_A ^LojjI ^-Luj .(^paj^/l ^eJa-uJ (^t-^^LLI (JjL_uV1 
CjLlLSjJI (jia J-aj j1j-jjj_oV1 ^ JLC 4_ixLa ^^j-Aj ^_La_*_o (33^ ^J-^-* ' ' 

A fljl^m i a^aljjJI jJaluj t. i se i nil I i^i n tilt-o* 4jo_>J1 
I j<T ^ , ,, ^1 jj<^ (CiLSxtaJ I j j . Uj-wt I ^l) j jii i hjjIj" i ntl <LaoIa Lai 
^ o S j;^ u^jj^gJl 4-S-ila j Lljj ^jjSjJI *1^JI (j-a ^ 5 Ja (jj-^J t IjILa^l^ 30 

icLol ^Jl cjIjLlII! (j-a (j!j-^-i L^jjLcLa ( _ ;r a <_ _> I . u h i! cLuL«JI ^LjjJI L^>.Ll>>j 

.4_^£JlH11 ^LjjJI CjIjLu p-i-oLi (jLsjjuj 4_j_Uaj^1 3j£LI1 p_Lajt_a (J^>- (jljj^?E_i 
*jj>» L^-i^ ^^ss-ulB (tjjjj^^ ^-a->o 4_oia_La ^t) j»Lflj_uajj)jjV1 4_oia_La Lat 
4joiII ^ jlx - - . A ' . 1 1 (_^3 4jLji^/! (_Lt-ii 'Ojjj^' Cr'l D" L ?' V I jLc (j^s 
JjlI lj-Laj i_3^LiJ1 (j-a $.j»>J! ! JJt ^£ jjJjj t(j n a i-Aj J-L^aj (_^-J1 

.cQjLa^J sL^oi ^I^^JI (j-a d'Cj n i ii Q Lagla -5a^>-J 
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. 4 j Sj£LI! ^Jq i ■■ 

L^jLvjLj j_u»jjj (4_uQjJ 4-2-JaJI j-lojj/jjjjV! 4jlj!jJ! ^ agla.ll Lai 

uliljli p j U i ^ lr (J-a_*j ^jy^-Il , ,tl Jjajs 4_t-aL>. n a ilitl CjLcI * lu2 

cLbLLa g j i aj a LgjLi^pSLI! JL>.| I a i ^ A" a , jj-uvjij^Ltillj i n^jVl jLc 

. Luj-^ 4ja^- <"ia ^] 

Li_i£ 4_jSLli_u^U1 cjLvojU ( j_uSL»3j ssux » L#jt 4-S-iJaJ I ^jla ^ ajl ■ 

^^JJ J . .-. a ( ^j_a j_jJLLll ^lj_r»JI I JJt ^Lojjlj i^^jjV! ^lj_r»JLi ^ a i in 

. Jo*1 ^oJI ^^J-Il ^— 3 JLC cLcLojjI j-iilLl Jl2J ^Jj ^ J-i jj-a jJ-» ij^>« I 
^j_a 1 la S LaJLuLS icLuj-C 4_L*_j_Ja 3j-&LLb j-loj-uojo-iVI d 2 tla j Q 
-4_u_oJ^1j d j i n a i"itl ^JLJ! j j gla JuC 4-t*a Lis-]j-4j _gj- <"i a Cjl_a_u_io* ^ n a i"itl 
Ij'jj^ se mi tl CjI aj i n"»J1 6JJt> a J ta ' -^"j 4 ( __paj^1 c_^o^ tfL>»jLi £^j_uj 
j^j2u^-L^1jL2j cLbLLa cLajJa Jji I ^ ,Utl ,>j_& JL>-j3 (^jJI CjljLiJLi 

Sj^aJsLj ^jj-IJ 5jl **i i n jjjjoJs ^ K mi ijr 3 i ^h-»-i Jvg-um dJJj) jj-C I ui i 

OJ-A I r 1 lajg idj-r i nAJuj *lj_a^>.j » I j ii i r-i j »lj i^~w ^lilj tljjJal 

. Aurora Borealis ( w xL 3 ^! j a uJI) Sj_aLtaJI 
cLflxLa i(_gj->J! i_3^L«JI CjLoJa jjjs 3j_ii.Vlj sUjlaL>J! tLSjlaJ I (^ic jllajij 

J i a-j Jlja ^LAjjI jdaji ^^-Aj (3-^>.jL>JI 2 SxtaJI j jii i »j i n^VI 

(jH se ' ^T^j^JI ( j_a ^ a^ A". ^ CjIjJ) ^j^* * L^j JL>.^oj ^ji J-aHjt-ij J-^-* ' ^^0 

oJsjJ! (j-l^ 5 j I ; , ^ tl 2 j^.l . a a II ^1 . n-vVl (j^s jilal La JjJLc jljljj 

<i u i .I "t i4 j "i L^c! jj! J)jl»jj Sjlc ij_UsL>J! 

jj^?E_a 1 j * o a ifiLuLiiAl! ^1 i i>J_A ^ujjv ^^jic (j ■ la *" V (^LtLa J-*^) 
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^ jLLajjo L$_La C)^ mi" tlj ,.-,-iU^,j ^a->JI Cjj^?e_flj1 Jl9 OtjL£ ^_t^ LLoj 

. -- 1 . a a 1 1 ( _ ;r 3 

V ^j^M (jl j-fl> i4_uLJL>JI 4^LuuaJI jLaJa^Mj LI la uA\ aJJt jj-u (jjj-^-Jlj 

(jl aSLj 4jLa i4_u jL>JI (Jjt^j j I jJ.! *L2jJL ^ riTC" Jj ^1 j jjj Jilaj 

t j^o ^ ^ " * t^LuLJI 4jr ^ Ij-*-* I I w *^ ' ^ p ' 'i^w cLcj-i_o £-Lu 

. 4-> (j^aLi. dJla J3^~i3 O^J^' '^h 1 - 3 ^ 1:1 ■ a 
^j-Lsl—i j1j-i_oi ' a luj£[ * ^jl (_Lt3 ' ' <-^LLa j Laj * * ^ji ^jl uiJ * \ (jl 
<L^LuuaJI jLaJsVI <>J-#3 i^LcaAJI jlju-ui ifljjti ^ jj La j Laj h (jJ cLiSLJj 

3j3jJI (^3 3_jLc lJsVL 5>^J.!j ^IjjLVI 3jUjJta 
3_uj_>JI 2 g£ 1 1 1 ail jLjjaVI ,j-o j_uSL!l edLLoij . 4j>-j J-<i£l ^Ir I j I -i « i 
ja_j_La_>u 4JJul11 i Jal uilll J^J ' aj L^_ua1j-3t 4_u_uj_o^tlJ 1 

. L^js^LLajl jjx. cLxjjl ^jus 
Lai ^c_La-m (j-C LflsJ_«_i cixjja. (j^a 4_tc LLca.)! jLoJs^/I CjljljLaj 

Jl_»_lj La ^Jt a a ->■ * U jlj-Uj . 4_j_JLc ^LcjjVI 4_Laj_u^j_a 4j-ajijt_La 

jIjI! Ijut ^ jLaJaVl ojSLj LJLcj i^jVl ^La ■ ■■ <j-a j^La 300 (^-II^ 
,J f LVI 

jljLLI La! .^j-^JI i_S>LiJI 3Jaj_ije_a Jjtj (^ji/^Loj ^Sij 

2 I ; , ^tl jLi^Vlj ^e-La i ■■ jUa ^L^ 2400 J-k-i^ ■ La i ujll I 

.CjI jjjj/ SjL«J- ( _psj^/l J^s- LjjljJJ ^I-Lflij-a^. Jalaj jl jd,l I jut ^jJaaj 
jo** Jj ka-jij Cj I jILaaijSL! I CjIj lSiC JLnjji i4_JL«JI CjIjI Lai 

.<til! «.Li La ^Jl iL^lS Cj j-II 3_L£:Lu^iII jLalVl 

' "J ^ c J O^J^' ^e-La-m (2>^- LouaJI ji^l Jjlj jjlj 4jJijJaJI 3_£^L«J!j 
w c I * i all j -i all 4^j_>J (_gaj>JI Lji^Lc. 3_oj|_2jij (jlaj^/l 4_ujL>- ^1 J-^J-> 
'"■ Lta aje llj ' £ Lj^- o^J^' £ *rh'- 3 ^" *J ' " '-"'^ 'O^J^' ,5jJL ^ LcJS^3 
..aju&c J^Laj dlljuj itfjLvol (_gjj>JI Lj^^Lc 3_ajl_2ji 
3j_La_Lj-u (jLa i4_uJsj^/l Sjivll ^e-Lau-ii (j-a w c I * i all j_«JlJ! t—ijUal I jl La! 

.(_paj^/l (J^>- 4jIjjJ SJla itfjutc j i r-i ii j 
3_aj^L!l CjLLoJI i » I cad] I ( _ ;r 3 4-tC.LuuaJI jLa^^l j»L^a CjJL>.l (jJSJ 
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.diiil! S^ljjj <_cgAll ,_p3j>LI i ,ijULl«II JUJ.tj 

i4_i_iLiJI ,j-a Lajj jl o'j^ "iiSL^j (jH-IIj lP^J^' J^* ct^ Sx.j.^ 

jj-o *;jL>. J-t^ai u JL9 IxjJ-t^. i LuJI j-fuu ^jJl * Alpha Centauri 

j^y-s L-AjLj^Ltiuj t< 4-u-A> ^JLc (j_u_^_lIJ1 (J jj>. L?e_iL_u (^j^?e_jJ Ijla 

L&lLc jlLu iiJUJI ajaLLJI ol j Sj^aLJI SbuiVl < { ll"j (jjSLII £,l"<n 

La LiLo.1 I i ■■ g-LjJ 3-£,j i .ill Cil nj i .i-v L$ji i(2_ua£L!l 3 < uiVI) 

i ■■^** J^ojiJI d * mi^Ij 4_jSH*_o^U1 CjL>. jJJ JiLa icLuoSUI d * miVI CjL>. 3-aj 
(3 2 se "1 _t j«Jj n?j 1 ^ 1 ~ (jl (j-u<_L! (^y^-j-a (J->^ ^'-^ i*lj-a->JI Cjj»oj 

jl ^C^M (j_a 3 1 la S L^jI (JJjj>.T (J^-^-i La_Lu n 0 Mill {jja 3j jLt-a L^jI Ji 
(j^SLII ( _ ;r i jjLi i^ij-II I JJt ' fJLLjJ I »l air j 1 ■■ -^^j . ? LUaAi! <J . ..tl 

d I x I -»J,I CjljLiJI (jja cUSLt CjI_l«^ (jr^- LSj-^^ ^^1° (J^J jftjIj-uiJI jj^j^Li 

Ji^j 4 JLoL>. Lo L^-t-aj ^_4ai_o La ^Ltuo-^l 4<Lcj1^ 4£jj>. ^3 jLulIIj 

tjr ^ ^ mi VLjJ dul^ Vjj 4j-ajJ,1 LAjj! (j-* t Mtf> (J^J L$J-?^' 
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<_l>. L^aj LaL>. 4jlj1/I (jjs ^1 i ii-v^U LaljIoJ (_£ jjal ^Jaxu 

_jL£ L? jjLUI JjjJlitjj <j-a J n (jl <Lu<£-JI =u^/>U 

1 i ~~ - '~"J "' ' * ■'" 1 ' 1 1 cr^' ^rHi^-" 4j<-<S/}LJ <UKJ! iLsLLJ! <Lui£i) . I j< n , „ 
4_uj_UaJI 4jljI/VI J-iLtj jLCj-L<1«JI ^->JI ' - 1 1 a J to Lgjl Ijc ~u (j-a I J «jj ajj 



i4_aLLa_U 4_i^L>J! jJsiLLU jj-a (_paj^1 ^c-la i (35^ Cj " J ^ ^tl j U» * ^ ( *1 

£j_C d I j , a aj uiJ V J'C uiJ '5x.JJ J^i I J-J £ Lia Lbj^jsl I aK Lul V! 

. L&jLftja Ij d j i .I n ."ill <icj-a->J,! j£ (j-o 

^Li£ 3478 *j La 3 £-Luj 'J-*- 0 1— ill 38 J^ti (2>^- jv^ 

<_j-j_i ii j i g I i ea a 1 1 L^j^jjs. ( __ r Lcj 3j£LI! J^jj 'J-" 1 

a V t^t ^ o i dje^ jyll » oLstjJI 3jjj9 (J-a-*3 t -^P* jj-? 1 ^^ 

2 )jl x a j -1 all jll (jiaLiU (__r^ O^J^' ' " Lr^ lS-^' ^AiJ-^ 

sLcLAjj! (jLa i JajL^c_a (_pajV! ~ U , „ cLU (jV Ij la "'j t -=1_jJ1 '^'-^ 

(jl dJU]} ^_L»_aj i J- > '^ tj^-* °^ JH ' " fl O ^ ^"^ * ? (J' JkJ V 4j| i>l_L»_a La ^)l£La 
. 4J JjLflji jj>.T ^ISLo ( _ ;r 3 jj^>- 4LL2j q \ Jj V La (jlSLo CjJl»j La J_i£. jJi! 
3j-_a L^J^>. jJJUj i JL>.1j C ^>'3 : 1 Lajl^ ^^paj^/l «L>.1 j-a_aJ1 ^ji i la >■ ^ 'J 

5j-a cU_oAj (J^>. Jj^-i ^1 LiliaJ! ^1 a If ^"i u < ol tiUj (j-aj ' J J ^ 
i t nt (j ii a i"i tl ' ea ) w la ljj 4j&Ja-m ^_^JLc 4-la^j ^Jlaj IjJj i j g ui 
Lai i4jaia 4jLa (j^s ^-IJ-aJ La ^1 cGjIjjs. 4j>-jJ ^aj_p^ ijj^laL^ 

4-jLa J ■ a3 L^-Lfl Sjjj-J! Jija_L3 i(j n n i"ill 4j>jl/i L^jJI J i aj V (_yJ.II 

1 JL^Jj cLu jL>. (JjjJlj_u (^jJI ^-Lu icLajjtoJa j o all 4_u!iL>. a t ga 1 3 1 j 

.(_£<^>. <_3^Lij - Ul ^Ir l^j^j V j' a 

c_t£^a^ ^~l>^' AjLi a i ntl (j-a J all j-uiluj 

t4____i_3_. 4juLLa lLILlA 4jjL>J1 ^ a b >i 1 1 CjLlLijlII 4juLLa (^^X-i jc3 (J-°J tS^S* ^ 
i4jSLLj/^UI 3j^>-VI (Jl a «" i »Li j \ 2jj lq-JI JjLcuoJLj 4jLjLm oJ-fli OuL^ >!j-«-u 
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■ 5 lxJij j-oj>JI j -i all ^_La_4_u ^ J .'3^ J \j« . ^.tl CjLjJl^jlII (j-aj 



|a_4_ui w a -j i 5-11 ililjlcl i ii U (Jjj^jj jjs-Lu (jJj . (jjLuJi! (jx. 

■ Lag^j i ■■ (jjJI i— al i'i's" < nVI CjLcLijj. (jl (j-^s- '(*L| d « i eaJ (jjO Sjj-LaJI 
C)1 J.cl i a U (jjic (J^ <^>-»J1 (j_a (j^-a^J (J^ '(^d/"^ Or^" 

.J^-il S^C J}L>. 

(J I a r ^fl iJr ^ j o ii II (j-l-C I 13 4-Lajejs Jjl ^ JLi r" i n"t (jl (_L«11>J,I (j-aj 

SVenus 3j_fl>j_!l ' . ^j^^Ia i ■■ jc^aljijsi I LaJ LaJLtc - I . ^ A H jljj jLa-j , „ IjLa 
^-La ■ tjjjL^rj i u ^1 3l1j1jl5 ***' mil tfLua c^^*-^ d ^ ^LjIjlI Sj^_t-£5 ^^j-Al 
^^.3 (j n a ,"i II j ^ts jj i4^j^>J,l ^Ljj-JIj 3jlj^r»JI 41xgJI JLSj Sj_AjJI t_i£j£ 
jLcj jLJLllj jJLojJI (j_a d ^ cIjLLlUj t. lSb < u (J^L>. ^_&oj 4_ujJlII »1 o i nil 

4_La ( _ ;r i 1. 1 i inll j^>.j_jj ' " ' I 'j _'j <jj J-j-g-ll cjljLcj q^jj^LII jlu^I 

OiJSaJI Ij-LS'-'Ci-j joJ LLlIiJI »l air (jl ^1 i_j£jSLII lj-fl> (jc ClLajU U 

eta j_J I jJSJ-Ijj ojl JJ^ 5 J-Aj-II <_i£a-C3 i4 yUn i 4jjJ J-^ 3 

UJI 

La ( >;r lc l_3jjLIj (jl (j_a (jL_ujl (_£l (jSLallj ^qJ I J-$Jj 4cLujJlJI t. it i nil (j_a c_ti_ui£ 
(j n q i"itl (jc Jjljj 4jI jjfc iSjjkjJI i_i£a-i (jc 5j_3 1 jUtl C) Laj mi Lai . I j" >■ i 
jJa3 (j-a Jjsl (_g I j-J-o ^Li^ I 2300 »j Wk Lai ij^la O^i^ ' (j^' 
Sj-AjJI i_i£j^ (jr^c (j I LaJ I JL^Jj i ■ La j~ua ^Li^ 300 ^^1 J^e-J (_p3j^/l i_i£j^ 

* La (j n n uJI (J^>- (_$jjI J-JI j>jl J_a 3j-AjJI c_*£^o^ cLCj-*_o ^-Luj 

j_j-a-U-i L_a-^ i^^>* l_3^Lju ^ i n^'t i Ta A". ->■ < i^LuLllI J-^ 3 ^lj^ 35 (j_a 

La (3^-^ ^J^h 1 ^ ^ 1 ' " j ^ jit" cLLa^L-oJI (j n a uJI d ♦ mi! (j_a qj&jlJ 4jL) 4^eia-m 
. 3 i i ii n Mill 3x.jjjj>J,I <--&j£ (_gl 4 i u£L«J 

»l aUtl ' aJo3.| (jl ii-kjuSLII (_gjL«JI ^LlaJI I jut "^r!-" O^J 

I j-A (jl (^1 ^j>.IjJI (_glj-!t i. ' it> ji-jj iSj_AjJI c_<£j£ 3-5^ J^ 1 - 1 -^ 
VI d i a * (J-^-**"* V (j-aj 4 Lajb JL>.lj < ^>*3J (J " a i~iill <L>.I^oj c_*£^oSLJ1 

. (j n a ilill (J^>. (J_al£LJI 4_jljJJ SJlA (jj-AJ i Laa_) 220 (Jl^ 3j-a 
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£^21 J«Ut$ jlAJI 

4 l_ol_4_i 1 J_i Jlj>. Ij^-t-Ju g 1 Ja all ^ ^ ^ a i till Luic- ^-d-tlal Jul! 
(J_A ..(J^L-uILij ^jj>.V1 c_^!^SLll ^1 £_iialb (j^cij i^jjSLJl 4jr 5 l_UL3j_a 4jt_ulaj 

iLSj> 1 fl-tie^a j-lala I I] j fllal 4_La LcJpja! Ijl (_gjJ! iMercury Sjl lac Jfla 
. 3 J_*^s_j_a <3_)_}l_aj «Lj_u£ Js3 ^Ia> d 1 1 sejj (j^oUl ijr J-oL^t_j (_>^>* 3~a ^la-m 
^3 j-j£LdjJ1 Jj^>JL j * uu QJ ^jl£Laj g < a >■ ■ st i n iC-*£^o£L11 jj-a ^ w < a 1 \ *3->JI 

jL£ 4960 ojJaJa jJjj (^jJI jj» '^tl t^-j^iJ! t_£jSLII i sjllac t_<£j£ 4jl 

' la i ■■j**' rt £_Lijj-L$_La JUJuioJI 4-j \j-L£^-ajULj^ clcj^uj ^ n a ilitl (J^>. jjJUj 
j_Lj |_a£ .UVa Laaj 88 ^ SjJjJI ((CUi iS_uliUI jUa 48 2Lcj_<jJI liJJj 

» Ij^sl 4j1 dJJ!i iJ? _L»_aj 'J-<-a J ^ji ^-jJLa 58 ijr 11 jim uill j^)^ t— ^aSLJI Jju 

■ 4 j i ii a <tcjjjj>J,! ^ (j-o J^>- 1 S-^i^ lS' Lh 3 L^-i-a 

«L>-jJ 4_<-3 J-^JJJ '^tP" L?^' ^jl (jy^J-J J^>-l q\ ^\ i«L«jlj 4 ii LaJ 

,(«273-» (jiLall j a call (j-a 

>j I La-C da aXse Jj . JL>-!j O^J (^,3 iSjjj_i Ltjji^l 4j| La^ SjIjjs. 4 j 1 u n i"itl 
^LajjV ^ ' ga j I j 4<Q_u!iL>. jcj 4Hlli^ jJLt-£5 L 1 1 1 n 1 ' taj 1 * t^a^v l_3^1ju 4J^>. 
j^tjj (^Jl ^ |_£ j_J! j-a^l i(j 11 a mi tl ,jjs ^J>il l>laj uU 4jjIj^. 

.Mars t_jj^>JI <iJI ^<u-u! 4_lLc jiULa jj^sl! J-a^-Vl 4jaJ i- . j . n; 
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ts>\ J_il3 t4-3tla-m (j^*- J *L6$\ 4 i l La jj J Laj i£jl JLa ^-H^ t. lj-uiJJ 
^1 it^LJ SjLjI A j i ii n i"i II ilCj_<u>J,l i_<£l j£ J-^l <j-° J-^LJI C^jJI ( _ ;r 3 
£j_i -Sj^>-J »l a U II J-3jJ (jJJ dl!!} ( _ ;r 3 <■ m i nt I J-^-jJ Lajjj iJjLjtil I » i o J-a J 

1 j^jJI sLujJlII j-Al jlaJI dJJj <_ 1 1 1 im Lajj J I , d -» U , ,, Jjji 3l_ir>JI (j-o 
J£LJu d jlr JjjLs-VI jLiiilj A-ixtaja J_t£. J_lL->JI ,j-a Jj^ -^y^J J-'- a 

.<Uy>. (j'jJ^i dh? 1 -^' <ji>*-^' 
^.qje- J j i«L)jJ ^Jj , >.Atl 3jjj»C ^j-Usj-jj d 0 U ^jLt-ajVI ^ i mi t (jy^-Jj 
' d ui£U cLuLl^i£ CjLi^j-a 3jLC (Jj_ojl i^tjj-tl C-*^a£ ClLajU 11 jj-* 

9 ^jj 2 j-SLjLa L^U-uj 1 1975 ^ ■ *e j 20 ^jj I j-S-jLa L&jj>J (jL? aj\j^J\ 

i_<-£a^ ( _ ;r 3 La^-4jjlj_l jjj-U jji=-a (J-Lajj . j»L*JI (j-oij (j-a j j a"n i u 
. *L3ai 4jljj^/I (Jj La.all CjJLso lilljjj 
^jL>. d **> fa ( _ ;r 3 JjJJ J-^J 'U " " '"'^ ij -0 '^-V 1 J^'j - " <_i£j£L!l jj* jjj_Uj 

£tjj_tl Jljlj i La ■ ujj a J-Luj iljbl V^L& tflj-i V j<u <j-aj o^J^' iJillS 3^-^ aJ 

^JLjj i Lajj 687 <J^L>. L$J jj*. «Gjj_i (^-^J jlo jlj^ (jj_jJLa 225 jj*. ^ n a i"ill 

4_i_ij|_>J| £)_a d j Ir 4-uiL>JI J23 j<u (j-a J (_p3j^/l i_i£ijiT I Lloj *j taja 

.<_>^jVl 3^3 

^2U^lt 5La <JUb 

2 , I ^-LSLjLoJI j^j-a L$j o^sLa ^_^\ t_jjLrtlII jjLlj 4l£ j«JL«JI c_<^jj 
cjjJL^ i j_jj_tl ^_La_m ^3^^i fi S * " I-jLSjcI 1 1975 ^Lc ( _ ;r a 
4_u^c cjLsjijcji Laji^2j i jjjJLl (jjs "LajLa SjjLU ^Lilsl 4jJj (2>c cjLjI£L>JI 

. JLii. ^'j-^ i_^jt3ai«.l (jjJ Cjli 

LeaJI c_t_j^pJI Sj^lli «L_oljJU ^ I ^JSLiLoJ (^jjj^/l 4_jjl?eIL|I dul^j 
j«Jj '2 jj Leax SjLa (^Jl (jjjj£LII Jm i h^I (^Lj JjjrsJ 4jjl£Lalj i^tjjj.1 J-><J 
liJLijt C^jL^ I jl La ijJaLa J *C uij i^l nUtl I g-UC J i cr^' ^-^LULl 1 (Jlt-uJ 

Jj < a >i 1 1 f£a joJ ' JJ"" < all Cl*r»o 3Ll>. «La3 i_dl_LA OuL£ I j| La 4^jjtX 5_ijJLll 
(jLa Lajjtcj .^cjjJ.1 SLpJI ,j-a ^jj Jj^-J ^JlC jl Jj^-J C. tjlu La 
JLjj/jI jollitlj LdJjJ i JJLkJI 3.SJJLK-a CjJLlC.1 jl CjJjj>-I (jyjJI Mj^ 1 ?-^' 
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(jl (j-Ilj iSJa.} jjL^i J-jLoj Jj uajcll Ij^iaj ^i£l l£>^' 4J?j_a 

. MjlLsLS SjL>>i ^-^3 ^ i a a I c JIJjjJI J-LajJ i L&j^>-j ^ Jx. jl 3l_o~ -S3^>-J 

3j< liitl jL^sjVLi U~i .Ml jLLaj! (<sJ (^-ifcLuil La^&j-it-uaJ Ijioia ' 

(j^Lx-i Lfl-yj i(Phobos (jjjj-jj-a) =1_<JJ ujjjWI j-«-2J! 4jjj (jLo.^/1 i. .If I ^ 
(j-o (J^j • 43* LUal 4Jlsj tfjLtj (Demos j^i-VI j-^-SJI 4jjj 

j_j_«JLjj (Jj^s- j irill 4j jj (_£ jJI ^Ua-lll (j uri m jtjjJJ (J_ya- JJJ^ 

-(JLill Jjj i ii ( _ ;r l^,- ( jji^j^3 jljt^a i^tjjJkl <_j£j£ Ln n (j-a I o (j;j-S-i ^Ij-o-aJI 

i -ij " 5 j jJa c^jJI iiia j-j-o 6000 (^1 jj>. j_jj_ll (j-c 

.^ljjJJ p La sell * q\ 4jr II 4_ujL>JI «La=_uj (j-u^J^a 

«j_tl o'jJ- 5 J^-*- 3 Cy 3 £> U 'W *>'•' J.J 3 ' (J^J-^-^J <J-"3iJ^ JJJJ 

<Lj1_i ^ Luajj Jupiter ^gj " ui U c-i-^J^ (j-o sLiiil! jljij JL>.| ^JpSI 

4_j , La j se " a i_jj_i_>J!j (J I n Mill u ■ *°<\ ( _ ;r a Lai i^Lill j_«j>.^/I ^1 oukLJI 

.^CJJtXI ijr^i C?"^^ C>° ^43^ ^jjCu I j 1 1 ui 4_<iiLa_a 4_ojj>.| 

»i La i * I j "j^j La ^ uiJ L^jLa ^^"i Mill a_>- ^j- 4 »i ' ga d H 4JLtaj ( LaJU^j 

. JUa^tlll (juvjj JLl^JI CjIj£j i4jjL«JI CjLljj^JI sLaLla J!>L>. 4j ajLj ajj 
lj_La_La ^J>JI (jlc- w ^ i SJjL^JI plLa-pJ I ,j-a OjjJII jjI uixll jLitj Lai 
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• U%>^ 

■ kajJCJ Lx-i jj Jj La^LsX. . . jsjjoJI (JjLa Li£j£ lP" miU jJLlj i(_psjVI (j-oj 
j_j_«JLj cljLa jLjj>JI j<s-<-ut 1 JLgJ 4jc_ujj i(j 11 a i"itl (J_ja> 3jj3 (^yi jL«js? (j-o 4j 
SjjLa I 1 ^- j fj <Lseia.m (jr^ J^-JJ L° p J *a ' *J J ^ '*J"f^ <— iJl>. 3j-2j 

I j| I ^ 1 j La >■ i j<u 1 Lgjljl JLa (j-a I_£>-1jj>.!j CjLo^jjSLI! (j-a j_uSLI! t-JJjj. (jr^ 
5^j-L*aj3 4^L_u_a ^jJI ^j"t miU c_*£^o£ jj-a Clupjsl jjjJb 
aj—ui-C £j-a * La ^p-* i—oJt I 38 ^j>. uiX\ £-Luj 

(_gjJL>o j 1 n ill L&jJtj^s ^Ir (jlaj^/l (jla dl! j (jlr j i5 , 5 ( _ ;r j£ji]l (j^j^/l 
. 3_}La jj-* cO**' "'^ V 4 ^^ *y jH^t-l La-4 C"^" 
Ljfl J I t m^ **i ui U ^_La_j_u ' t-L-L^aJI £j_>JI 1 J_u jj- 1 ! JL>.t p 1* 1 
L-sVT 3 1 »" 4aku, tji JIJl>. V (jSLIj ^jli^tl ^UjiTj-U 4±&_ll jlj-La 
jo^La-a <_S^Li£ jJLjjj " . 'j La 1 eajj CjljLiJl L#jj3 ' "J^-^^ 

IjILa I 3 ^Jl q n <a ilitl (J^>* «Q£.j-*_u ^ijJJ ' d uiAj (J^>* AjIjjJ cLCj-i_oJ 

.jILa jlj^ ^j^tLa 773 ^ 11 0 Mill (j^. ^^*i Mill Jjlj ^-Luj i4_Lu3jVl 

4jela-m jJljj (_^jJ1 4lSL#]l e.\j^>J\ 4jlSjJI dJJj jjt m^j" miU 

U^lalf ftja^l 4mJI 

«L>-j {j I c I j j « j j La (j-a Jjlj »l <i U 11 (j^>-*JJ '(l?J-^-" >Ij-«->J1 
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Lao! jCLa! j-Luj J*C <bjl ■ '-^j; ( -J -a>j k_iSjSL!! (j-o ^jJI a i^tl Sj£LI! i a ■ a I ( _ ;r a 

._pja jijS' (_flJt 24 Ij^cj j^a jLS' L-flJi 48 

jj^w^ 1 1878 j»Lc .-, A <l jjj 2 .'^ ^1 »tl cUJLJ! tf jLa> jiilj 
<_3^liej (j-^J ifiLx-Ualj j»_aJ-JI L^-j T j-^c ijoJLkJJ fiLx-Us I J j_lC QaUl 4Hfl>Li 4j<JLi 
dJJ jjj t_^a^LJI £_a JJJG (Jj I j « 1 '-» j J-J-*J V ijJJ^i. 2! <LoeIa-uiJI CjLa^LnJ! 
, d 1 ..A * (J*aj>. (Jl^**' Mill c_*£j£^ tjljj- 3 J- 1 ^-^ (jr^ ' ^ ^ ^1 alf L^aJLa-" < ol 

^-La ■ J-J^j (J^La? tJ^H «L»_S_lI! (jl c.1 a U 11 ^* * jjJa JL9j 

I 1 ea *»j (jL£j_jJI Sj-SL^ (jj ''-^ a j_' liiloJ! »l air (_L*^- iSJjala (j-lLiji (_£J-a (^i^. 

<_J ik-i p 1 11 -v. *lj_«->J! 4jLajJI (jl ij_UsL>JI cJsaJI jj>-!jJ! (_gljJlj . LiL 

(Jlm-flJjl 1 jL$ i L^lLat-a ^o-Usj J-tJ-*-^ J ' " ^ ) L^L?-^ I^-£>J i^jUJoXI jj>» (^y^ ^cjLc 
jJljjj (»_>J-iII ^'j- 3 J^*" j>P ' er"-^' Cr'i *'- )L * 

Lfl>jj 1 11 a ( _ ;r 3 «.!j_a->J! 3j_jj^>J! 0 JLO> LIsLluj . 'j-i^ *dL?" '^J.' - ^ '"' 

LajL^£. I J IS. Ij lOjj^e-a (j^. CjJ-*jj!j ui U _o^- ^Lcl ^\ ' " 1 « fljj I La lij 
<Lajilj Jijjtj ^La La Jl>. ^1 I J >■ i 4-iLuSLJI ^jjJLlI (jLa iy> (Ji-lj ■ La • j~ 

1 1 11 (1 'nil 5 . . J»j 

t_£j£' (jLa 1 3ji.in Mill Sx.j^jjJ.I i^S'ljS' jjt ifuXI s-^i^ '^1 

jLLa <Ull jLtajVl l-Jji^- Jls3 i^^-^V Cr^ Saturn Ja-j 

jj_a SJLa 4_j Jo-j-ao O-o. .t_)lj_>J! J_jj_oJI 4 K i"i 4j j_uilj LI i nhtl 

jj^. Jljj-j V 4jLa SjjjJ,! (>jlILi <ull Lij-Laj I jl Lai 1Q5JJ! 3_ujtj oLoLJ! 

. 3j-j_a_a 4^ L>. £ I \£-L& Jj^?e_a fib 

«L>.j (jr^ J^-l (*^*d i»l aUII j»Lai IjJLl fiLjjjJLlI aL>JI tfJLfli jJLlJj 
(jl-j '(_L>-j (J-i^ 5 * '** ^ I aJJt iJIujSj ' (j^ajJ! 

jjj ^ jjLu cLcSLIj id) cUuLj oiL^ (^lll jLal^l J^-I LjLoj L$j| dJiflJI »l nlr 

(jjSLj (jt tiJJj (j^, ^-JJJ i4_La * ijJLJL) \j\ 1 11 a fiU JLitHj ^jl (JjL^. LaJLt^, cLLjj£[j 

. j-j_a_a (3^J w ^ J La ^J'v mi ^5 1 <1 ,".t1 j cUjjVIj JLajJI jj-a Jajj-ilo j>LjLaj (j_a 
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tfCuui jj>.V1j £_«V ^ j L^aji 1 CjLc j-qj?e-a jj-o <— lI^- 5 * '**^ *t^-| | {j^^aj 

I <j" ^jJ (J^LJoVI J ^ * ' "^-pe-l UijJJ (l)^- 0 ' '"^Ij 

^Ij^VI jjjGj .i_j£jSLII (j^s cjLal i » a ^\ jQxj L#j| ^.a t L^SU-m 4lsj 

i4-o~jL>JI ?ljj>.VL] SjjLiLtLi i3j_u£ <1cj_<j»j (_U-j ' . '^j^ illULa. (j_o 4jJL>.I jj! 

jUsI LjLoj jj-o 4jjSLa iJluL^ '"'I aL>JI oJUfc (jl jj cGjJLs* J-SjJJ La J-^J 
L$J j_Ls Lot JaAfl j^j-a jlj^ I 5 (^,-11 J ~» f (J-^j '"'^ i, *1 a < n j JLdJJ i3jjl_u_a 

j <Lj '3-^ ^ *^5^ tJ-^JJ 3 L_ (1)-* * 1^-^-1 U ^\ xj& 

JU J_>Jlj j ac £yz 4jj^j-a 3l jj «Uj i^j-LtJI ^j-a CjLsLUij slU^U* JjlsLLaj 
29j 5 ,_L^ (j ii a i"i II (Jj^>- 4jjjJ J^j f-yj • '■^rA? 1 ^ (J-° UIjj»- i fill" 

^jUjfuJJ c_^j£ Jjlj ' a * < <a Qj_lL<3 1 425 ^Jl I J Jjlojj ict_u_u 

oUU, 10 

j US VI 

joJi-^Uu 4_LSLIj i^jLc. <_a^Lc. 4J (_gjJI t^-^j^ i_gV ji-o.jJI j o SJI-jjUp 

4 ijy J^Sj jjjjILuLjJ (JJJjUufcj LjjJ OJ^-ij (J iH i"h~ J ( jJJj^^l£Lltj jJ^jU-LAJ jj-OjU 

jjJLj Lg_Li_l ii_i£jSL!l o'jj-^ (J-*"*- 1 (jr^ Jj-^j jUSVI iJJLA (j-a 4 » i iilj 

■ (j I il^f i>L>tjl J_JuUII 

lJ £ tj&lj ^uJiill J_La SSjijjiil Sjlj i ii II i_^ljSLII j^>-l J-A iJ^>-j 
tLsda-m jJjj (jL^ JLaS ijoJUJI cUujt J jLiLS jjjj J-iljJ 1 ' a uili^l I 78 I ^Lc 

c_^j£L!! I JLA jJLt-a i. i 1 1 . ^LSjjj g Ij ' $.\ j_Us t 4_JLc jj-uSLjtjj ljj« i^i £_a^L11 
* U ^1 {j^LA ^jjjU 2860 ^Jlj^.) n 0 Mill ^j_oUaJl 0j<JU 

J i^i j ^1 (J-j-3 S J_j j^c oJL>-^ jSj 1 1 /j ir (_U.j c_<£j^ Jijlj i f?» i<i (j-o 

jlSj ij^LjJI c-^jSLII L*i!j Uranus (jjjjljjl c-^j£ (^-11 >l_UaAJI jljj jls-I 

CjUjUo 4Sjj>1 JLp. jll (Joj i ii 1 1 J-A i ^Ijyj ^Ll - I i aS CjL^j_a JUujI (jjSLj 

. JjjtJI i—^jSLII I jut 

fiLLjjJLlI AjIjjJ fiLSjjJo ^jl i^jjjjjljjl c_^j^ <iSj)j-*-l! ^jL^^II (J^J 
J^xj jl id j i ii n .".II 4£,jjijJ,| jjs. I U-i (j ii n i"itl (Jj^- 

.dilj L. 1 1 1 nil <-3j-J>J (jl ^dj'j^ 1 L$A3"*^ ^-UsjJI (j^. i>jjis-a 
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tfjIjUs £jj>.jGj 4jL£j i4_ljL>. Ij-JJ^ (Jr!-*? O- 3 ! O^J^'j-S' "tAS^ 

<dbtc <J^>- 4ILlLU CjLijjlII jJJ^j LA t4_J^>. j^Jj L<i_Lu n g miTI (J^>« 

ij^Lialllj ^jLLlU jLc. (jj-^ iS^-^ 6 - 5 1 q * " ( — ^^-ij (j-^^-^jj' 1 ^ ~" * j 
SLLaJLJLl jj"*- ' -*■ il (jja i_A>y l5 jJlj ii_Jj^aJ! ( _ ;r L>.! jJ! >j^>J! (jLilju (j^jUl 
4jjJLo '^j- 3 '70 t_t£^£LI! Sjtj^a. «t-j>.jj £-Luj . (jjLul! ^jfiJLi 

£-Lu "Icj-ijlj LaliaJLa Lul j'< < u (j-a cLuj/ 84 SJla ( _ ;r 3 iSjLs-l jJI SjjjJ! 

"'.'^ J*™N SjjLaJ Ijl i --»*■'' I Neptune sAA i-aLuij^l (jL^ Jl2J 

lLLLoJ! »l <ilr i-taj-a . »l g i nil ( _ ;r 3 ^LjlS oJj^sj (_Ll3 oJj^jj j j Tit I j<u jjia 
vAA 

a * -L9 J ?\9 '- JlJLJ ^ri^ ^'-^ ^ i c_uj_SIL! Li 4_jL£Lo 1j_}JL>.j J j-$_?e_a 

4.11 i^LJI v^Ul Ijla (jk: JlW j^j .Jjjs jj-a oj-iji^. ^jJI tjLSLLI 
,jjJ 4 j uu (^jJIj j-j-<j-U c^aLJI j l^l>. 2 1 fibjJ t_u i .m i( jLi^pl j_t£. 
5x.j_<j_>JL1 4jr 5 4^^LjjlI1 (j-c ' ^"'""J ^> OJM^- 1 o^ 6 ^' 3^*^^ 

aJlC ( _ y ^J i^Li_Lil jj-* J-^' ^ri-^ *\jp&-\ ur^ *l ^ - ' " 0 '^'^ 

^ se La 4jr i^. j h^Lc^I j oLjI^ La us VI -ip>»J 
d_J_oL£^ *^t-s a_L3 i ( j_u_4-iHJl (J^>- (Jj^Ja 3i>^ Cr^ OS*' ' * *— Jx Lt ~"jJ 

^ se La i ^J^J- 5 ^^ ^l^- j-i ^_Llj ^<u » jJLq jljS ^j^jJLo 4800 jj-u^uIoJI 

p <>%tl Q^Ibjj . . ^jLi-ptC <U JJJ^J ij-iuaJl 4j^1a «L>.jJ 220 

' la - »jy ^ ^-i-J- 1 l5"-^I pj?e_>Jl j-jJu-saJl Jbj-uj J-*-* J-Lt^ t—iiJl 350 JL*_i ijJlC 
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. jVI (^H^ C^J (_gf <j^L«j f 5 -' 't5j^ <-s^Lc 

JUIuJ JUj-u (j^-lj d i < n itL) 4jj-i^23 4^jj>. j1j-u_uj ^j^Hjj e_i£^a£ 1j-aj9a 

K 1 1 .1 a ill I _j_$ja hj;jj!jlJI ^Jl 4_La (^jl i^ijjtl (jJI t_jjJal ajljLa (jf ^ 

tj-i-a j^oala 2 2_£L_u_a ^Jl j^a-uj c_^a£ * 'J**'^** CjLuJ_L! ^^jJI * 

• j-<-a (JJ?»* a '0 2Ja| i ntl £JLA £-Lu c?^* < ^-^ ^-*^- tJ ^ 

Pluto d£rt2t m£$&JI . 

<GJlxj Laj iJijj-u^/I t_i£aSL!l I JLA j_ai (j-a 3j_o- ( _ ;r 3 udlaJI »l a Ir Jlj La 
(jjj^-j (jl J_i ^vLfl iSJa^La-nJI i_i£l jSLJI 4jljJai jjj-u 2jajs oIjIj La Ca\ (j-a 

5u>-jJ) 220 I j_A Jjj-^ 2 La i "j" 1 1 Sjlj^sJI 4^>-jJ) (j' Lialc Ijlj 

ji ' 1 la U j fl-L^Jl «L>.jJ) jj-a 1jL>. 4_uj-3 ^^j-AJ dtr»o 4j^La 

. 4-&Lx-a 

J_La i3j_<ii£ J)Li^5jl J-^lj (j-a t_i£a£ jljLA LllLHI »l a Ir i. mix JlSj 

jJLjj ,2tlU-,,„VI j,Li ujljLa jj! i^jjjII (jjsj 1 1929 ^»Lc ^ <tal £u£l 

^ ,1 a i"i 11 <J^>. 4jjjJ) jclu ^aJbJ 'J-t-a (jo-il-a 5880 jn ■) (j^, i>JUu 

(J-uSLjlj V t(j n a '"itl jj^. ! JL>. 1 JLljlj ^J^aij c_^a^ ULj . fiLLusji fiLu_o 248 
jJljj J-Aj ij_la jlj^ 10500 i_£JL«_u V ojja^ (jlj Sj^jLi* I j"» .^.1 ^ jl^ VI 
4_j_Lc jjjjal I j j Ij 1 Jjl j 1 11 tl 4J\JLv g.1 0 1 11 lJ £ 2 1 a " 2 La aj JSLJu ^Ir LJ 

. J^Vl ^jSLII 

4_H_La_c Jlj3j i^_aV J)a_i_ol ^_La_i_o j!i ^4J^-Lj c_^o^ jl tillill »l a lr ) 2j 
jLiUilj Lu^aVI JlLa JLaJtlll jl i2Jjj , ,,11 2JL>. CjljLc. Qja A fl-U^ d S j La 
.4l>L«jtJI i_^ljSL!l *l>>-l ^ JUf-JJ (^1 oL^jJll J-J-a^-J 
^Ltiaja 4_Lloj_u 4_i3 ^^-^ Lajut^,- J_l»_JI 1 clu \\ La-ij-^ooJI ^^31 1 1 uj 
t4jj ,^1 SjjijJlJI 2^1 j jt i ^1 mi . »^J^b c-<£^a£ (_^JI d j sell rt i^^paj^/l c_^a^ (j-a 
J^JJ V jl i4L>.jJI tfjut iS^i -^I^^H LjjJLso (_^jJI J^ljjJI JL>.| jj'Cj 1 ,1 
2_cjjij>J,I i_<^1 (^,3 4jj^c CjI JLaI uuaj i_ljL^C (j^s ijLbljj ijLlLiLS La 
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4_a_LlSLj (_gjJ! ij^yjLjJI j_o~jJ! t_i^jSLI! ! j^j ijjLL (jl (jSLa-s La id j . a .".H 
LgJ (j^ijJ ^JLlI o mil j»l j^-^l jl c^l 

^* 1 (■ ■ its JLJ 

<j-<_> (jV! Sj^jI i .I II 5j-SLj llj .4_j^>. cjI_LjI^ I j jl** (jjSLj q\ Jjiiaj V i4j^>. 

LgJ Lijj^*_a ^ JJsVl (^ic Qajla 300 (^Jl _ao. (j! iilLLill s Lalc 

^j^SLj ^jl Lai 'rill (J^>* JJ^J O*"*"^ ( ^3^*-^ L)' s-^H * ^L-j-j^ 3^ d q la >j 

Q^SLli LjJLc lj^>- oj^j i3jlj_>JI aajjuiu QaSjii Ljlo Ljl>- ^ ^ 1 i>^ 

Jja^s/I (ji^. ^0 i_aJl 300 (jJI^- i<Lu£jSLJI 3 ^t^'.Vl ol j ^j^ill oj-fc (jl j 

^J's mi 1 3l_o* aLuL) ^ a 1 n" 4_jjt_j_LLaJ 1 L^aj-Lbj LjjjIjj>. «L>.j_} 1 ^ I ^ * JL9 

ft LeauflJl jjy-S i^£jj>. \ Leaj>. L_jJL>. uL!LlA tJi^J £)1 ^-ilaJLi ^^-^-U (J-°J 
(JJ T c_Lj?eJj-,jj-£LJ1 ^,.3 fa-AJij^j J-^Ibt-j jj^J^' *^f-*-*' L^l (J-£- >.".^r m 

*^s-$J (Jl LeatJ^I 3JjL^s_a l_Lo-1 Liajt (j^t-i ^J-^- 1 

^ 3_£j_JI oLulSLIL J 1 1 1 3jL>- SJjUt^j (jLvujyi ^Ua Sj^a Jj! 
lOj-LjjjLi 3_uLUaiJI <L£>U ir.SlU? Lajuc 1972 <_>ujLa 3 ojl£ i(j_$£J! 

. SjlxjII oLVaJL i^JlIi^ SjlcLS <j_a Pioneer 10 
i 1 . ^ ^ ~~ A^_uaJ " w 51 iiaJ3 (Jji ^^.A I 0 j-j_)a_)L C^jL^ jJlJ 

4«lL>.jJI ( _p3jH*J (Jy^H SjLO^^JI 3 ] J • ■ * 1 1 (Jlul^J 'iSj" '""^ i— MI^C**! i 

( y\-i a 1 1 iiLiiJI Sis 1 1 nil ^^yi j iViil (jr^" S^j^tl cjLSLj^SLII llIIj i^jt 

f^yjl LcaAJl aj >i I I j-aJU Jl^ nj^**i uiXlJ ^tJjJLl 

j^jJI 10 j-j_i^_iLj « w SI Lga_aj| j-j2L>JLI)) Jj-ojj i^^I i n t 4_L>.jJI 

j I La * j (JiajJ d j 1 im i"itl S.cj^jJ,! ^jLi- jjyJI (((jSI ' all j-jHi<JLI » ^ jjl i(_psj^/l 
jjj^sj I jSL&j iS^LJI ^ j^a lJJI 40 L*jJl^ 3-Cj . i4_UI >Li La (jJI 
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i>jL_t-£5j3 (jij Jlj V 4 1 0 j-u^jLi g.\ LgaAJI j-iHjt_o (jl *l_Uiti]! »1 o lr 1 aj * ta 
Cjl_ul£Lalj Cj La^ 1 * a L$-ijJ 5jl < ta ~- j I aJJt (jl (_^3j»*2j i(j^a£L11 ^3 La SjLtia^. 
CjLojL£LJ1 ijr ll . . (^paj^M (J-Al (j-a *Ltl_ujj >."'» (<~>j ^cj (j-aj ' g I L^aAJI j-d-mU 

Lcl i nil i 'I i"i V » I Lta-fl-1 1 ■ La j se a <j^>-!j 'La "■ I j La Sj b (ji J-aLj 

Vaj , ,i a (jL^ Jl9j .(_^r>jV1 L ^ 3 ^ Je rt L^^- 1 L)J3^ ^° ^1 ifi LLkJ_a ' ga i 

ajL^jJI Cm^ij JLSJj .(NASA L-ul_i) S-iSLjj-aVl ^1 . ^ ATI 3JKj <jjj tiljjJ 
23x I 5 4_lL_ujJ1 ^*j>. £-Luj i I 0 g I L^aAJl j-jHjt_a ^jl Jl^a-aLc J^a^ 

(JjL*_a (jl dJUj i^aJ-La^J^Mj <■ * ifrjJI (j_a 4SLu-m (j_a d CJ ' ' ^ rt aj" i ( n 

(jLi »l aUII Jl2jjljj i ( _ 3 j>.jL>J! ( _ ;r 3 !jL>- 1 ''J*''"' <jl-iJ-«-U Ori"^* 

.(j-LLmll <j-u^U. i«Lii (jj-5 ' " ^3 ^j'j^'l I sL>.^iII ajjt 

.jaLtJI 3JlI L^il i(jj£J! cr^ cuLoK 
SsUjjJl!! 3JLij,jJ| ,>jLa CjLj^Ibe-a ^^Jb La (j^Jj 

L^ 

(j-aj . jls-Ij ju>.!j (jjj_lSD! i((jjSD! ( _ ;r a Sj j i U . nil) (ju^-jijjLji^J! 

3_uLiII 2 l^aj Q^jia 1420 L&jjJa Sjjjjj t (5-al . ..U Jl<u >*j) j^UjILj/ 

. 4a I i ,i n Hj (j^sJJLI j-aj Q±\ ' il\ ' j' a i(ojSaJI Jix-i 

J iro" (jl JLiUcl (j^ 4jLa i(jjSLII (J^ (^ JJ-ijJ V «Ljj_LflJ! ^^La (jl 

.SJLu/jJI ,jji I j & J^" ' ;|I J '1 (j-II iji-I i_^a^ ^1 (^3 3_;^jJ| oLuLCIl 

jOjJLi Jila-i 8 Binary ^1 . n-sJI ^LSJ! r«lpl Jj>j 3JLu/jJI <ji-aj (jlr j 

J JLso ^1 ^ ju j (j;U ( I 000 
j"nj" ii .i 168 jjLJI (jjSLii 'Q" ij~ ' ' " 21) (j^^jJiji^JI 3j>.jji J^la 4^1 1 1, aj (8) 
Lai ,3lj-Llj (Jjs.jJ1 aj^jus ' al> Lj o i --j JJLu (jy^JI gl tJa-aJi fiLi^j-a (J^ala 



66 



. ^^jLjJI »l Lea-all (jilajlj '(igj" uiXI i_j£j^) 

La_Uslj L^JjJo jJl-lj^ jKm Lvjj^j La! 

. . (jjI&JlII 0J_) tJ-?"J"^ **.!**' * ( n I 68 ^1 tfl Lea-ail ^ "t-r a <J^la ^\ 

.'-^All 3JjjL«J! cjLja^UJ,! c*-r <\\ (ji c^-o-j . . ..II 

IjJj^tj (ji L«jIj - I Lea-all »l o Ir JjLkj IjJ .(jL^ij^LI ^_iJlS joJLs. (j^. 
Voyager -22-j^>-Lj^3 '^j^jL>J.I o j_4> jj>.T (j^J .3 ^1 («L>J! 

^ <3 " i $ a I ' <i j Ij I O-j-j-jjjLj <j-° Li^ 3 -* J-^' ' ' J .' " "' ." " J <j '"' Cr^ 
L$j! i^LUaAJI oj uujX\ c_>^1 ^£L!I c>j!>Li Ji-t-s SJSUJI SLpJI ^ d^t A\ 

<J-Les1 ^3 ^cj j i ii tj ^_4j?e_a t i£*1 Juu t ijr ll ' gaol ^j^jJLa c.880 

ij-a La S Ii I ^ j SI i ea all LojJLs* £jL>- L?J-^-" L^Jj j i u a till j Jjlj 

(J-Al c.lj_iJ <_ ' J X " i ii " £ Lj-^j CjLa^Jieji jisj J-oLi <JliJc-.u iCjI^ILajlj'CII 

I jt i ' i 1 i4jjjJLu 4 j i . 1 <i i" i t l LjjX.j^i^a ^jLi- LuLltaj l 

4j_i^j_lSLJI CjI j i uLj. 4 "i i ii Lg-j-Lc i4_u^pSLI^I 3j^>-VI (j^s joJjlJI 

4_L>.j_I! (jl 4jjij_i CjIjlJj_o 4j^ii (jjs I j'.al La J n~ , iu LiS" i(jj^j_La^) 

. g I , >. At! j . ^e- ^£ 4_U3JJl1I Cjljj?E_UI jQ_At ^ 4_tittJjLi]1 

fUult ^ 4^LJt |8l jit t 
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(jj"" ' ' iSj~ LP-} 'Jj-J^*- 

<j-a ' i aJij (jJajeju ■■ Asteroids cjLSLj^SLI! <j-a ■ Lajj uJI ! juk (jl <U3 diu V 
<Lcj_a_>J,l t_^lj^. (j_a ' _i ■ ^ i (jx. ,J2j V n_al u&jj .iVl cj! jl ir 

«L>j) j<u-ul liiiill »l air I galg jjlUl iCjLSLySLII (j-a 31jL«JI tfjukj . 3 j i n a uii] 
pLSjl Coj) (j-a ja^J cCuJL>.| La l_u i n l . L^j LcjJ IjjsLfl La_LtC (»l n i nil 
-j_U3L>J! ojSaJI JLiJj . 3 JLl«_l!I 4jjI n i nil j»ljj>.^/l J^J ' ' "'^ 1 ** 

o jjt (j-a Lili (jjj_Ju£. 

L^J&Jj L^la jj^j^U.! dJLla jl «Lii«J! juc ^>-IjJI i^fjJI j ij^-a >L£ 800 j 

. 1_AJlj-£3j (j£La_i ^ jj-LaJI (j_a 

pi J d II (j_a «Lc j-gje-a^. t^j u o Mill (J^>- jl^-a (jy^ ^-1 LjSLjj£LI 1 £ JL& jjjGj 
p_aj 1 iLa r< g flJ ijr 3 3j-j_>J1 t . iii tij t»l L^aAJl ijr 3 <L^_iLt_u ^Ijj9l . . iJ3 _i£^£LJ1 

i Lajjj^j La^ j « < ^3 iCjL»£Ljj£LJ1 ^jla p La * q j . »1 al*11 j-j^t-i 1^-JLl uu^ I mi i 

m£J_1I (J^-^ p J la Ltll I JL& ( j_ujJj t(j n o Mill (J^>. J-J^ ^t^lj-^ (jr^ ^"j^-* 
tfjljuo 4J CjLSLj^SLII tfJLfli (j_a SjL>.lj (jl Jj i(j ii n i'iII (J^s- Ijl J-a 4J JLxjj 
d La )l j 3_it cLc ^_aj>JtL) cLLajj-j V La_il^. t(j n a Mill (J^>- JJ~^L9 ^ (^^l-^l 

' a x " jo-J iJa-j^ mi II jSj-a ^Lsol ( _ ;r i CjLSLj^SLII JJLC JLjIjjjj 

i— a^l ir-il (jl (jjj cjIj_II cjIj mit L^J^Li. (jl (jSL«Jll (j^s jl i^LiaAJI (j-i<-u 

. Iji^I j LiSLjj^ 

(jt 4_lSLLx!I CjLuIjjJI (jjs ^ ' eaj| LaJLi^, nJliLiSLySLII tfJLfli O-j mm^I Ji^j 
,_j^l JjJI lil! i J-a (_psjL»jJ 4jj^C JJ-jJ i(_gj" miU jl J-aj jjj-ll jl JLa (j^J 5^1 i nU 

j^jll I jut (jij tSji.in Mill 2lcj^jJ,I ^ mJjjs-VI i_^I jSLII (>u puLlII 

^ "< ' ^ >" "XI . d j mi q Mill 4jl ^o->JL1 a I La * 1 ^j-uju^i\ ^t_uLuJ1 JUu j-lajj (_C jJI 

.1801 ^Lc Sj^ JjV v2jL<jjSL!I 

,^,111 iiIjLiSLj^SLII i>jL4i oljljLa ^ a,\ tv.WI ^JlC: dliill »l nlr . La ^ ■ V J13J 
CjjJL>. (JLalo-l (j^. (Jjl i n"tl I Jj Lukj isLaJLajtJI (j^s pJLc ■ La i uj ^IjJs!^. jJLu 
d » i iTill i_XI aSLII CjIjI JlX-i oLSL^SJI £j_d> CjIjI JLa jJaLS <--^-i <n CjLoI jJaj^jl 
oLaljda^VI 
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j! jlo (j! La£ i jl>.!j (_j j~ i .I a ( _ ;r a i > ii Jijo V (_£^jSLI! c-i^l jSLI! cjL^j_>«j 

(_£l jl J-js !_gj" i ii a ( _ ;r 3 ji (_p=>jVI l_i£j£ L?j"' ' 'i a £-2j V i_<£La£ 

0jl ^3 l_i£L^a£ iljLS. I jl J . d J i nil i"itl 4^.JJJJ>J,! (_y3 J^S-I l_i£a£ 

2_al i ii <u jjs-VI * i j J^>-ljJI j «j i " (Jj !>L>L2lu (jJ L^gjLa ij^iajVI 

, r I . >■ Alt cLajLcoJI ^IjJaVI t>JJt> CjLajUU j^L«jtjJ d t j i iij Ji^-JJ Vj 

jL^jVI ^Jjj-Ls JpL(L>JI cjLua £_j_<i^tjj VI Mittj ^tjj-LI 

. 4 j i<ij^l 3j£LII <j-° SjjLuII 

(_JJl^ iCjI_j£_j_oSLJI 4jj/IjJ ( _ ;r 3 idiiill »l n Ir (JjLaj d K i"i a Jjl J 

2j3jjt_aj 3j-jjLt-£lJt lcs.AH ^1 i n~w^M <Jl£LtIut 4_*_u1j_} 2JjL?e_a ijr 3 2 «j« . ^»lt 

IjJ-ja sULsLj^J «LaJcj>. £-Lu S I < V.A11 ^fl f> jj| (_3j|jJtil • LgjjaSj 

(_Lal j-uLLi lillij i }L>.Lc j\ ^L>.I (jl Ljn^ i"i JLajj (jlj JU V i Luji-a 
xtaJI 2_ujL>JI ,_£jja J-ajtj pj <i -> U , „j cGL^j t J*C uuj3 i2_ul jj| 2_ujL>JI 

I jiSLtj iSjjUJI ^LaVl (^Jl LpLla <_i jl>.j SjjLJ' <-sljJaVl pj^^" (^lc 
, >. ah p , ii^kJI ^ ■ < ^ « 3.iL>JI l_5jj>.^1 5jLn i n1 LiJtjjjG iLjjlj 

.JSLiJI 

V L$_]l_3 i2_jL*JJ ^c_>JI aj j i i r-i L^J^a i O LSL aSL! I Jojj-iiJ 4 i in 'JL La! 
j<u (j-aj i L$-i3 JuiJI hJ i—uJUj' " T La «LuiL>JI (jJ ^3 £yz i-LLLLa-i 

jjs. I / JSL<I/ (j^Lc J I 1 d ^p 3 -* ' " " J> £ t^£<-a Jl 4jjJLa jl sLtj^a Cj LSLj^ ijj Li^S 

. L#j jSu J_La 4_l3 Cj Jl>.j 
Lg-se-ta-ml (jl La^ i^LaJalla j-JlC (JK i"iLi CjLSjoSLII ^Ll3 JL>- jjj 

2 j"-t us all ^1 ui3.Vl « jufc (jLa 
I j ''-->« J (j n S[ * J I a mj^ is I l^lcJ | j i n" (jjJI ^Ijj>-VI (_^L jjx. ' aJlieJ 

U «J V Lj * a j 3. VI (jfijLxIl (jl J^-><-' i4Jij^tla Sjuiuj 4_lLc 4ii3LcaJI StLjsVI 

.hJjj jLCj V tsLs. UjjIs VI 
i_3^Lc 4J (J^ijJ (_g jJI-i_i£jSLII ^Jajj/ r-j ;jj<I£L«jI 5a^ JJJJ 

i .Jl jl jijo liiljJj i4jaJ ( _ 3 JLcj i ..II SjjSJJ jl jll t;r Lc- ( _g J y>. 

4j>.jJLi id jlr 2 Ual , „tl S^LxisVI (j uSLc ^Ir j^L9 J_lL->JI ,jjs 2 iulaj w La « 1 1 
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1 JLlLtkJI d S ■ la i 3 1 La * rt L^jL) 1 1 j« " lj t I cL>.j JL) L$_«L%j>. I £-4 L ■ < uLlLi 
(jl—i jULILcV! ^^5-1] ^o-aLcJ i LH^L>. U^-tla (j_u£L*j ^jj>.| Cj jLAj mi L<3-u-s 

i_i£jSLJ CjLj^ VI (^yjt La o^jJuloI I <U5I LtiaJI ^1 1 n-v^M (jLi isQjJls. 4jjJaj 

'lSj " " ' ^ J ji>^' Cri^jfi ^3^3^ ^A3^ o' O^J-"" 'J^?-^- 1 ' (J^LA 

jj^3 j^JJ d glaa. j 4j (_g 'J^'JjJT" " <■ 1 j 1 . 1_1-jL3ca.il CjJL>- ^<u I 1 Lj-U-ui (jL^j 

(J-jJjsJI p U t LuLa ' r I 1 a a 1 1 ( _ ;r 3 cLajLcaJI j»ljJa^M t>JJb Jj^I (j^Lj I -1 j 

tjjSjy SjLU (j^iAj (j-o 03^-" V^dJ ' L^-" 1 jJJ^" cH^' SjLXl (jx. 

J£ ,j_a 2 A I ~, 1 1 jjjLjlI! j jjtj^sJI (j_a VI Lai . .^jVl <_>£j£ 

. I * . ..A )1 « 1 ^ A uuS lIJLlA ^Jl c_ukJU ^jl 
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u o uJI t>^y ' LcL«-ti/ (ji 1 666 ^Lc tjr ^ ' *a uu^lj 

. <j-">a o'>" 5 ^ Cj4 (J^y 

(jJjj_LJ (jSLxJ JLilj '(jr? ""^ '.'^ (*-• (j lj (Jjj^^ 

i Visible Spectrum ^jX\ • a^alj r j . Vitl L^jJI 3j ft".' 
(j-c ^jLSJ! g j ' la H ^jLi ( 1 j_a CjjjL>. j i a ij 

^j^SLlj ij^>* ' (jr^- 4 ^ 3 J fat ° l£I (2>^ J' ^OjO h o gil l 

' La 1 uj LaJU^. ^jj>.V1 L^_La cLcj-i_o 



81 



AjUtl J^JbtUI jL^>- J I i aLjaXI jlga. ^ La i , <J Al",^- 1 1 j \l , ^.t I sQjuJJk! 
i<tjjL«JI l^'itLa- ^ u-^J J-*>" ^^-^ juLaLl»J! (ji J^>-j J-Si . Spectroscope 
4 L^J Cj1_}_}j-lJI (j-* C)Lc jj^X-a £ya c_tl^lu elite La ljU tim_u 

. L$jL£jj>.j I J 'J^j" Cj^Lu.ajj I i eajl LuJ! (J-2-y 4j! Jj i. hht'^ i«LLa j-3 Li£ 

siIj^u IUjU-^ jj? , 1814 j»Lc: j^^jjlj^ (jjU^I j«JL«J! .U^V 
Lie mI 

*j La >■ II '"'j i-dJ]} <- 1 1 1 ii ii_£t_jiaJ1 (j- 43 * J ' gall I " < ' eaj rt I Jl9 n o <"it1 
J I ^Ja^/I (l)^- 0 ' 1 i—kjIaJ I (j-a Jo jU^-tl ,_<JJ3 jjs! j_a JjJLalbj . « I JjjjJI 

Lgjclaxa ^-^J *Lut 'i o £ ^3 ' a^la <^cdla>.| (jy^JI ^l^_ua^Ll 4_o* 
^ylll «ljj^s>U 4_l>-jII JI^Ia>LI 3JL]Lta-a Lgji j^gjjlji J^-JJ . <J^j&\ ^\ 

. n o ijr 5 3ji^>.^J.I j-t-^LutJI 

«L^_A^ILa Sj j< to Jo-AJ Jlj^?e_a ^^j?e_lJI Jjlj jqJ i^Jj^/l 3j-aiJj iluXSLAj 

V Lcj^ w fljlaJI Jjiitlll plr ^ j i I i f j i a 11 (Jji-><J (^-3 4-aJLa-"i mXI CjIjjVI 
Q-a JUJLkJI ^-a-ll CjLal ulI^I ^ I r Cj-j-u Jl^j icillall ,jjs (^ylc. 

.(jjSJI 4!uJL>JI CjLjJaJjl 
lilltlll »l nlr c^l Laj i i^jaJjt j^^c SjjL^aJI »lj Ja VI l-SLJoI SjjIjJ jj-oj 

^_jLjj ^^i^. jujLii ^Ja_u CjJL>. Jl^ ^j^SLJI (jl ' 'i >VI ^_j_aLc1a jj Laj ^ji 
' a u<SLj r I i Atl a . Ij j . ..^ q\£ jjjjj jjlj loLLai. ( _ ;r 3 J alaJlS (jlS ujill 
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pi i ny \ ' ill liliaJI »l a Ir 4jL>- (_gj-J! ^Us^-a-iJI ^vSL I i j aj itLaJL«JI i_iCj_j 
a\ i Mil jl Cj I j I j )j *\ 1 1 <JiLa i jj-* 3 J-*^l i ( Q -^>rJ- >0 *— -^0 fi ^ J 3^ 

. p^e-LlI 

cj!j^>J,! «!j_Ual (Jjl^tjj-Q^il p j~ i "lj a £ Lul-iiiiil! »l air pLa LajLt^j 

jj_a C]lxa-t--t-a i(_ya\ lalLal <_sl_<-Lai LgJ (jl IjJLa-J 1 1 jj i m LJ SjjLsJJ 
^JLl! j-i^jLlkJ! i_ktie_a 4-aja.LJ! (j^o^jjIj^ ■ La j Laj») *!j>ajjJ! Sa-LajJ I 
i4_ljj_2J! pjJc-Jlj (j ml i"itl <_sl_<lal_l ^ g-U ui <_sl_<laVI iJLul^J . LgJOJJO 

CjIj^sJ,! i ii a (ji^- <j-"J-I '5-lHI JUi^T (j-ajL-soj ^1 tv. 1 1 (jic (JjLJ IjL&j 

!j_o! Edwin Hubble J_i_it (^jj-s! ^Lj-iiJI pJUJ! .U^ V 1929 pLe ^ 
(jjJJI J^e-i *L>.lj_La 3jLl«_J! Cj!j_>J,! i—aLJal i Laj La a. 4J Cjj^Ji jJii t\-LX-£ 
^! j_al (JljJal j_L£ Ojl Jij! dJJjl^j ipj!.Jj p-LaXa J'C i"m 1 1 tuLaJI (j-a j_aj>.VI 

.ji^l Lie. SjjJ,! jjlj q\£ La£ SjLjJ! i>juk e^jl^j tCiLcl < uiVI 

4_aj (jl «U ^_a3j i3j^?e_a ^ i n a~wj 2_jLa (j-° J-*^' «L_o1jJu (_Luk p-lL*J1 pL9j 
^se-i L_ii_LLaJ1 i La a la 3> cL>.ljl ^jt ^-Aj icU_o1jjJ1 aJJb ^j_a glLal i i" < u\ LiajLs 
. 3j^>Jt! Jju £_a l_i_}j»La L i i iiLuj j-ajv^/l (jolll 

La J_Lc Cj j-i^aJI d 2 ila ga d se S La^ 4jl cl a U It ^-tiajl . 3 Jj Jji ( ijL>u Jjjj 

^1 ^a_a^/1 j se 1 4_Lfl_ilaJl i Lsj ta^>J \ 4^.1jl ■ iidj ^JLlIj tiJJj^ i J ' a rt JmlLu 
. Lie Jjijjj 3j^>J,l ^1 jj ir^iU jL i(j-a^.Vl) SLaJaJI 
^j_a I j .tig Jj Lta^J I J^Lat ifiLuLUiAJI pi i jj-^ LuLa^ W a p La * rt ^jl 

j-j-u ( _ ;r ll0 4juujAa\ "^j II CjLcL«jI/^L1 ^jjs-^/I (JK i'i^JI j i gJ-LaJI Jjlso 
2 j ' ■■ j Lai '« 1 1 CjVLsJJ £-a-Cj Li^pSLII LJLc.-4jgjr ui\\ CjLyj^sJI (JeLaj ,j-a 
jJlLa i(fiLuj-^£j 4_u_a_iLaLLi_a CjVL?e_a ijr Lc ^^aj-?o p^ i^LUiAJI ijr 3 

(jL^ lilj ijJI .. s lj_a^JI 3 < uiVl j 3j m i ntl Sti'iiVlj jjjljj! CjL>-jjs 

cbt-j-iia tjr A La t^^l i n**i \ LlAj 4_jSlliII CjL_uljjJI jj-* J-^-^^l jjjjL-u! LcaJI 

2 < uiVl (j_a >j-^>-j Energy 2 al La II JLSLJul ;j_a J^-Ju «j_UaJI (jl 
puj/l I g-ilc j I Laj CjI jo-j (jjs Qi^-y J-^J i Electromagnetic 2 j , ,.jUI '« "jj g£Lll 
.4^LLa 2 \? ^j^so L^-La J^j Photons cjLij3aA!l 
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^aLiJI ^j^j^-ilLs t^JL^J ^_oJI 4jt-ula t. 1 1 n^w 3JaLtaJ1 <^Ju<& ' 
(j^j^Js (cj^ri-^ 3 cJL^ri-^ 3 ) O^ri-^H iS3^ ' " 1 3jaLtaJ! (j_a ^ ^'J ' 

I j . ..A", LgjLa 1 1 j ' a <-aL^ jJlc La lilj njjj^ill Quantum 

p_J (j-a J i L$J (_yaL>. (J^Ia L$J CjLcl * uux\ (j_a • i ) (J^ cL>. 3-aj • (_^>> J-a (JS> mi 

tijL>.jI! cijli oLcLoji^l >Li*a i<gL>.jjj JI^LL £L*_iV! ^^k: <-Sjjti LjjLa 

CjL>. jX! iJ3 _A (j"t ejCt 'i < it j "•<- ^Jl jLlaVI (j_a (_3^I d * i ga * (j-a) clljjlaJI 

j i^if (j-a) LgjLa. j-a Jl^lal ^\<~ (_ylll CjLcU uiVI Lai iRadio Waves 3_ja_o!jJI 

4 < ( _ ;r -A (j~ a j" i i nil (j-a i_iJi 3jLa (j-a c.!jj>.| 4-uLaj (_yJI j~ t>C< '< i n 

<j-a) dilj (^Jj ^pJ! 4j>ji/V!j JnfraRed i3jj!j^»J! 3j<-<i/^! ^1 *!j^uJ! c^>o 
-j ' a. 1 1 (jj-A " a f i ii 1 1 (j_a t_£iJt 4jLa (j-a (jj-IJ t— kit 3jLa (j_a cLuLaJ 

.Visible Light ^ j_U 
j_Lu ( _ ;r ll! cjLcU uiVI dJLt i Ultraviolet 2 j-^. , ,tl Jj^a 3 < uiVl J n uuj 

1j" ' "it I (j-a Q^r!^- 0 (J-° ^"IJ o^! L -^' 3j|_a (j_a 4-tJjl (j-a) l_£pL>.jjs J! jlal 
(j-a JLs-!j (j-a) X Rays (j-u£l 3 » ui? J I 3j h~ 1 .itl 3_«-Ju^M ,j;j-a di! j Jjlj (^LiJ 
( _ r 3 dlljj 4-JLlII '(^"i "j" ' ' "tl (j-a Q^r!^- 0 <j-° ^^'j (j-^l U^r!^- 0 

LpLvjji J^Ja (_Lojj)Gamma Rays 1^1-^ 3 . .^.t p , „l , 3'a^ .1 1 ^ ^ 3-s.jl I j , ^.a 

■ C^" 1j" ' ' "tl (j-a j^jJ-a 1 aJ ( (j-a Jl>.!j (j£, 

Lajjjj £-a Ij , „<r 1- < 1 hLuj i«L>-jJil JjJa jl d la a. ^ I Lj jjJL>- jjt 1-a.aj 

*g J **• q-"^*^J Sj j 1 r-i^ L^JI^iil (jj£j (jJLoJI jj>iI! cijL>.jII (j( 

I JLAj ^CjLjjjj^J! (_gl) L^j! JLs-J JoLSu jlj i=L>.jl! (J^la j'^" I n K 4j| La^ 
t<LiJe-uiAJLj| (3^3 ^ » Lo VI (^lo^j fiLj_Lu_aJ1 ♦ miVIj LaL>. d ♦ m,1 jl ^3 (. , i , ,iT1 ^jfc 

3_jajjljJ! 3 < "i^l jl (j^v (j.3 i3_ljJ! v^jLoLdl 3^- . njV L-a^Lj^l Sajj^i 

. LaMJal L^jjij3 V (3->.yU 3Jj^Ja) 
: ( _ ;r Lj La_ii L^JI^Jalj CjL>.j1! (j-ajieij (jSLa-lj 
(j_a !Jlj>. Ij j 1 11 _t Uj^>- (J-^-*f c4>^' ttjjuaJI (jl (20-J *C ,"i tl) (j-a 1 l^-w^Ll 
(j_a 4j1 (_^1 i LaL>. ♦ Mil J ^_o1jJ! CjL>. ^_a (j^_) 4_u_u_jJa l_Li_aj)j-^£LJ 1 d ♦ miVI ^ J_a 

d » i"il 3j^jjIjJI cjL>.jH (jjs iCjL>.jH (J^Ja (^ ^jj/!^J! (_jj.ll! Ijla (j-u 

jjibj V , LaU. 
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Jut-l ^aj*_J1 ' d * (jr*-^ ^JljL^JI CjL^I i ii U 0_al_l La 

3^=-i-JI oLcj-i-u (JjjLlS ( _ ;r 3 tiu Jl>J! "' U a II jclx. j_U>. jG JlSJj . 3 Jo* I _oJ! 4_uLjJ! 
iSjjlill (jji jIm ^JLjSLI 1 (j-o Jaj mxll «joJI jjLxij V I Jo. oiL 4^J-i 

• («oo (j_a j 'I lall -j LtaJI i—sLilal ^1 jj-"i i uu dlljj 

. J -T f 1 1 fiL^J-J>. fiL£.J-i_u (j-uLjJLj p fl^Lj I '-J L-CUllaJ! (jL^ L-llJjSLs 4^0J*_(J1 (j^^J 

I j i nj'ij Ijjj Doppler jJLjj 2 jj la j I c3-^i 3 2jj laj o-u>J jJlJj 

• jl a I jut 

Jgio-V La JUx. CjLiiu (LiLp-l Ljalc j I taj La£ jJLj.} jj| jl) j-Lij-5 4jjJajj 

« <i -v. (j-a SjjLi^s C^Ji^ I LipJo. -il-ijj d J~J 1 Q ^ CjIo-jJII (jl ijoJLkJI Ij-fli 
p i ii ~w ^yjz 3j_}Li^3 oLo^a-U C^jLiC C< fl-3e-j La-Lu 4 JU-aljJI ^t-i ijjjotlu 
ijJjo=ILa p i n-w (j_a 3j_}Li-£iJ1 CjL>. (jt 4 Lgj i*" till]} (^j-Lt-aj . 4_t£. 1 Juju Lilj^elu 
4jL>. ^_a (J^aiaj 4 ( j_uSLjlI1 (^Jx.j . ^LljILiLa CHull^ Hi! 4 Lcpjo. jl j • ga 23 

CjL>. ^_a d 1 mi" 4jl)L>. j-a ^ i"i**i i 1 4; j t^aJI (jt til4_o^t) . 3 J_*Hj_a Oul^ llsl L$J JL>. 
4(j-\_*_a cL>. j_a (J^la fiU (j Ha ' * ^ jjl 4; j t ga 4 ( _^-£s1 ^_>J1 jj-* ijr^ ' ~ * J ' a ^ \ 

j-_jJlHJ1 '• a i [$jj-lju (jy-i-JI cJLiljjJI (jl daa.jj Jl^j .(j^alJL) oJunjaj La LaLa_i 

.Lia Lj'iia (jjlS-J LaJioX. jllaUl vlj jj^3 J-^J^ LaLa-l i w 7- ■ mi * ill 

VaJa L$jL>.j_a ^1 - j 1 ea 1 1 cL2-lLj ^ ^ A ^- " 1( j n'C ttLj 

Ij^t^a^-a j-a^/1 (j-^J 4 JLt-aljJI 3j_»Hj_a jjl (J^-^-J LaJUX, j_aj>.^/1 (j^UI 
w I c 1 ^ aj " " aieJij jl ^ aglaJI L^_i J-ijjJ (jH-II i ^J^' cj' ^-U- 3 
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I gJLjLIi uU ' a-i-LaJI ajlaa. (JjjLl3 (ji jl iQaSLJI ( _ ;r a Cj!j^>J,!j ^jj*-lJI 

(j_V_a_i i ijr J^SLI1 jlJLlI 4jLt_uij se-lll S-iajvaJJ 3_}LU ( j_a JLt-aljJI 

.^JUs (^J! j j_Ju CLlJ^. JLS (jl£ ! jl La 4ajj_a ,j_a JlxaljJ! 

ja^tlll |_#J ^j^ejj <iCj-<-a]l j_jJ-2j 2 lj j i u-l ^-jlaj i ■■ i liLs-lj^l (J^I-lB <j-aj 

Lai j U? LilLaJI »l o \ r j_*Li Lajiicj ..^j^LII jLiJI 3jL*-<-u Sj^>J,I jl 

^ 1^ (J^-i La_a L^-ilc ( aglaH &jia3> £xal^a^ j-jjlj I j ^ a* V i^a^Te-tll d aJaic rt 
^1 JLy " i uLi ^a^cJjl 4_?j^>. tfLjol tiJJj (j-o I^Ijilti/La i LgfTj-so 

^fl r U j LajJ I J 2j '"' Lajlic 4jl-Ljj^jj l3." " La^-jLuaii-Ll (Jj-Sj (jr^JI 'J-LiJ-^ 
Cjlj-j*-a jl ^a_>u L$_ii ijr -ULj dJLljLa t^^ySe i a * Jl (j^UI 4_o*L ijr l| L-oxLaJI 

Lai *j j La-fl d)L>.^a_a w ~» ui-dJLtJI (jolJI CjL>.^_a (jV i J_t-a1jJ1 (j_a * 

U J a j_aj>.^/l (jalll 4_o~Li ^1 I j ^jl-^ , U j ta 3. J 23 u (jH^' 1 l>?*i f^J^?-^' 

. JixaljJI SjUiILla iJJj^ejj 
£js t3.}JL^_a ^J-?*^ J I LT^-*^ ' agLaJI ^^y^ Ja jt-»-^t1 CjI£j^>o ^ Jj I 2 1 * j 

Jlj J_>JI A-3e-lJl 4_Cj-j_u j-jJl^Jj (j_\_a_i t«CLcj-i_uj L_a^j-»-a jj>. I i 

& LUaAl I ( _ ;r a iLajLtaJI 3j_>J,l jl dJjjtlll 
jjiLlaj «Lal«JI (jla iRed Shift j_«j>.^M Q5JJI <Lp-L 3^>-1 jVI cjJl>o La 

(jjSij Jl^J i JLi^sljJI (2>^- lJLkjjj 3j^>JU jl (OJ=-l!I (jl 4JLa i" 1 njij j^Lj^ j3l 

J^aj 1 w a j La II da >J I ^_Uaj_a (_^a 1 a J a La 1 1 j-JuJI dJJj j^eJj (jl i4j^ uijJI 
aj-tb Lg-tlc JjU (_j-J-II 1 .1 tl (jl SJLsJI oJLai (^ ^jSgaJI joJLkJI 

. 4_uL\II CjljHa ^ii£ <l » 1 taj jjLajj V =L>.lj^l 
■ La^lajJIj ij-uSLi LdJj (j^ jii^I Sjjj^sjJil CjIj^>J,I «jxb (^ <L>-ljVI (jSL!j 
Cxjl_? lilj ..*Ij_«j>. 1 axfl 4i£ 1 ^jUtl J^Ja I gx«axtaj ^lj-ij *LajjJI 

3_LjL4i 3_cj_<j/ I j (jj-Cj (jjl Sj^J.1 (jla ijIjjj jj' (jJI SjjLc 4^.!j^l ojla 

. Lie JLujjj ijr^J i'Lj-iLUI ( _ ;r a CjljHa jlj'Ctl i_aVLi jJ-23 
U 1 I <"m Lua iiilLoJI »l air (jLdtjl Jal^ llLui Ljjlj ijJLLdt ijL^a 
l L^LLaijc_)lj^>J,l ixuljj^^ic «0Lo. ' ^aj (^jJI JjLai (oJLlII (j! (^1*. i^ljVI 
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tliljJLuJI J}L>. ^yfl Cosmologists ojSL!! *LJe l >°' 6-° 0^ '-** a J 

i(J.aTbe.o j_al ^Le J's i"m (jjSDI -SJlxj (jl ! jje-uojl JL3 i3j_o-VI (j-u^^l 

.ajsu ae^ Lie 

*L>.lj^>L] 2 *»j U> *< 1 1 CjL>-jjJI jjjjLlS ( _ ;r 3 SjUJe Cj Lj » i a ijJLijtJ 
4-3l intl d rt« , >. j La 3j-j?E_a jj-* ^jLall LcaJLfl t< flqlaJI ^j-a j-<jj>.^1 tj^UI 
^£ ( _^i3Luj -j L^aJ I CjLi^yS C 1 u l£>\ liilj , i j , .. A 1 cL>Jj^1 4ilojj d * < nL-oJI 
Ij—oi I j A I "XI ua-j Jwaa I _L^J 4j*_LtX, I j"al U i ^ A" L^jUj . LjTo jj j 

' lil «j* ' aJI <d A uSj 
(jV dUjj i Lie 3 JLkjjjs ^J-^ 0-^3 *> : *- a ' Lt^ (J - ' l5 ' ^ U J± i^_3 

\j la ' ' aj-LaJI 5_iLc ^1 p 1 11 oL^jjjiJLs ' LuJI J 1 <aj (jj Lg-i-o ^CLk_i_lJL 1 SJsliaJ! 

. Lie jL»iiV! ^ 4ej^aJ 
^j-i (jlj ifiL^jL^ 4_iLl*_j ^jl 3j->JL! £yz (jr^l L_ii_L*_UaJ1 g-j L^aJ \j 

2 I j S i eaj Slj-o (.yl^ I j i ..K» >Lj CjLjjjjlJ! ^.a^cTiS iJLlS J'C i"m 4_Lo 3j L£OM 
jcj-SjL^ILL! CjLV^JL jLc^JL JLt-aj-a ijr 5 jLlal d inq -»JI 3lj-<X^ LuilLa ^ 3 i a 
3_jl_e j-j j ' aa-j «L>. w 1 c jX^Jjj i_3LiIa_a <J^L>. t* - ? 0 
jaejjj .Panchromatic (jljJ^I (j^l . n-». CjLs.^1!! <j-o ! j-Aj . 3 j < »l i n-»Jl 

CjleLtu Q^a.Lbcj-Sj^s.VI jj-^' O^-S^J ^Jj (jja.-cillaJI » I <i U a IjLA 
(jjJJ! J^e-i =L>-!j^l Jj-r i n"t !j«LJu !jl r J ' a ^ 4j>.^JJI L^-t3 Q^Usjjlj Sjjje 

( _ ;r le LiL*j_i Sj_l«jJ! cj!j_>JU (j!j_«j>.!) lJ £ o3j^ tillAJt *Lsie (jL^ Uj 
Sj-gjvl L y2^jd Lojtiej •j'-^ 3JL>. oj^' o' o^'j-^' <j-° ^ 

jj-uj jL»jjV! jjlj LajSj I • ■ S j glaj i_kjJaJI JjIjo dlljj i^xislj J's i"i_t 
o!j^>J.! jL«_il j_jJ_2j , ,. j jjV! Lul JLa. (jJI a-iIaJI .UjU^. 3^.|j| 

. L^aLiIal (_^a^t3 Jij^c^j 
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isLojj^ 4_uj/ Q^jJLo 500 Jjlj jl\ 3j^>JU (jl (jr^j dll JL3 4jj-u 

^la ^LiS" I I 20 <1c.j_<jJ! J-ipJ ' £ ^ J ^ /j-*- 0 l-ill I 2 AlCj-uia [lc Jjijjj 

.iLojjja 4_uj/ Q^ji-a 5000 Jju 4-uLiJ! ( _ ;r 3 

(jj-taj 3j^3ca J-J-^J (j'v i n^j£-La ^SHall joJL«JI (jSLx-i 1962 j»Lc (^^J 

j_Llj Lie. jL»jjVI (^yfl I ■ ■■ (j! j'^ 0 ^ J^aj-' 0 (3C 295) I 
4cj_<jJI ojla j-^j , -j . ~-->tl (jja */45 =Lul5 /j-*- 3 <— <J( 1 35 

. ((j^SLus j54) j_«j>.V! ^1 Jili! jls (j " q j llU (j-o i-aJi s jj>. Qjj£uX\) 

<jj Lutj . « I i^aAJ I ( _ ;r 3 I ilr j I I o IS Jlj Ij-JJJ j j Ia3 LgJSU i ( LijjL5c-a ^1 3j^*-a I 7 

300) sj.Ml 5lc j^, ^L^j V Lo (^Jl j_aVl I juk j oj i „j £jf (jSUj Vj 
^1 Ljj-Ii-i La SjLajs jL»ILi! 4^.j_<j/ (jLa i<Lal . nU jjlj ^-a LijIj l. ■ i uLuj 

. ■ Us ^ ^ 4_UJ_iJ3 <L_U_u ^j-U^L) 5j.Jo.t-l jJ^£LJ1 

jit iH^M 5 jitl 

^jt tjr 3 L. 1 1 1 r ■ T 1 tf.\ Lea all tjr 3 4jjLa CjLcj^_oj cdj^elu i i£j-^ ' 

. L^lj-o ^ 

4_Cj_uj J_a (jj-Lc ij-LijJ jj-* JVjCu_uV1 (jLj- 1 (j-j- 1 -" J-^Jj 
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<L_S_jj_LaJ1 Lot id_AL>o1j pj^c-Lll 5_Cj-i_u JuJl^cIJ ^ JL?-**( i uj (j^-H JjijJaJ! (^JL>.I 

p_j ^cj?e_LJ1 j jj < <aj J^jjJo 1 g - "Lt^J «Lj_uLjJL1 4^j^>J1 t_ 3 Ltf*uTi£l ^jSL^-ij 
^HJI I Jl>> *i + ul *^ d - |^' fc ^ d luuJI * - p *»- * tl A ^_^^-UJtgJI 1 * 1 < ^**' * 

ft LeauaJl ^ a ^ . p ^ k ♦ tl ^jj.SLJI lj-u_uJ Uj^>- OjJ- 1 ' (*^-^4i 4 ^ J A s 

Sj-aLIo-cLuj-C 4_jjt_uia 3j-&LiaJ cLl^jLc 5 JLA LtTu.a (j-<s-S • 4j j-qj-iJ 1 ^_»J1 LaIjJ 
p 1 c) p_i_u1 4_tic 1 j alia I (iCdi> pic £.l_u illldJI pic I JLi-^jj?c_(J 1 
Ijla JL^f i4_uLiJ1 4jILjlI1 ^_jj->J1 Jjuj Radio Astronomy (^^j^IjJI l£11AJ| 

4(^Jl_lLSIJ1 (J^ ' ^ 1 1 1 i^ilfl-Il pic LLuj>. t-JjJIiL) ^IjJ j_c_L) pLt-JI qjz ^j-ill 

(«JLc j^s-b jf t-^JLl! (>o o^J i( 1 945- 1 939) 4_ jLiL!! 2LU*]! <_j j^»JI 

g^lj i a II ■ La « i '— C^>o-j«_#jlJaLLi I j-j < f*> LaJuiC h—1jj>J\ «L(j| ( _ ;r 3 'j-f^ 

Jl_*-£SJ j 3». I JjLJ C^Aje I L^3| t»l Lca-dll ^1 ( til *J ^3. I ^_Lt-£5 i ^ r ^-^ jG_>JL 1 
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lLLLoII »l <iUt I j * " a « xJ I Q-Lac Lb i4 a^-S-ll 4jjjj!jJ! CjIjijlU (j-o I i ^j'** 

jLuj! cjLuI >5-"j Jl .iVI 5^a»a al jiir" i ill (Jj! Ijj I jSLaj iCjL«_aL>JI 

ijJ_r»Jlj i 'I mi tL p i n"n ^j^M oljlajJI C^jL£ J-SJ Lis* . mJjJ-sIj-JI »l ■ V»*tl 
4_p_« J lj-^p-1 'jLH*^ p 3 i(_pai) ottl 1— al mi's" t nVl j_aLij_] jL£ La£ 
2 tj j x a oila iMjjjjIj ol a.j a jju aj 4-iSI Lab Lai i n-v I imJjj-sIj-JI Q«£JI 

■ (j^ ' ' i— aVT iQa-L«JI (jc ^ .lAa. -I 1 a a 1 I 
(jic LgJLSl j-a dOJLs. i(_£aJ.5lj (0->>J L-aJl (ji^- La (jrLc JJJ-tll j<u JlSj 

CjLc j^jj^a L^jjjjjj Lit -ilj^l (j-u lLsjjJLj Q^jSLioJI jaJL j«Jj . j»aJ*_Ltl 4lajjj>. 
(^jjaLa .sUisjjLlI! 4-a.ijJiJI CjI j <i 1 n"itl Ijiabl *»•_' (jl 'jO^' (J^ r~ ^ La-alu 

<L>-L>. jdl fu-u\ L^lLc I jSlUT Cygnus 2^>-L>- jJI 4c j-«^*-a 4j_jjjIjJI a^*_L!l 
. I jSLaj sLvLvjJI L^jj 0 1 n_i jJJI Sjja I gob iCygnus A I 

( _ ? _a> -I a 1 11 II ( _ ;r ^ LiL«Jk j*aj*_L!l J-Jul O-iLO i4jjjjIj Qa^c LJ cZuL£ jjj 
(j^jSiilLa 1 LLui (jjj V 2jj 1 a lII Llj^jju Lui VI 1 Cassiopeia A i ijr ^uj^l \ cjI j 

I j_iL£j ial_a-j_fl>l - I 1 a a 1 1 (j_a 4_a_Ltall ■^jJjjJI aJJt I^Jjj j«J (jjjLJI ( _ ;r 3 
I j j a j la I II I j-Ltx-i (jl ijj) ' "*.'^ ujj'C i ii I" I Li mJ-sLU i ii tLi I J 'JjJ ' aJ 

i n~w m£| -Sa^J aJlC (j_a ( j-U2jlj- ( j_ajJI jj_a 4JLjaJa 3jIL9 <J^L>.-I ^_}L£ JuLl . I JLi) 
jl LajVI ,jc LjLc (OJtl!l I j-4 JlaJ MjjjjIjJI djIjLiyi idJLLa (jjl Lab 

VI Vj i4jL«_LI j^Lj j-al (jOj^*_a jji_i ^1 J_i^s ^J^J JLaZo-l jl 

. I 0 j rt j >■ 1 j" Ljj jj-lb jl3j^?e_a iZjJi jia-La I La I jlj iCj JL>JI I JLA jjc I JL>. (JjJLoJI 

Sj^>J,l jLpcl (j£Lx-ij 1 1 I U a 1 1 1.-, , La I jl ^^5c_l!I 5ijLai oLal . .it, La 

^^5c_Ltl ^^yJt I JL>. i4^j^ILa ^jjajjl 4Ji.l J jjLlu ^jLill 5j j LaJ I jLUL^ 

L^jjjJ LiLLuij j»jj*_L!l (j^ ^uJLiJLa nj-Gj^J,! a I ) La 1 a I >Lij| a J Li (^jJI 
jl ma ^ La La-fl>ljU>>l jLjj-j>JLI j-a-i mi l_A^j2j-a ji jj-^ 

.a^cjjl jj-a LgjLljSU j_usjG (_gl «l 1 jl mi I 0(j i a ^j^jcjj imJj^s-^I 

j i n ^. jj_a jJLaJI 1 Jl_A cU (j-t^J-I iA^j?E_(JI (j^_) ^ mm ill ^jj^SLJI jLulJI jj-aj 
i|> 3^=-i-J! 'LlLc ( _ ;r fl> La-a I j I mi" 1 1 J-<-ujl 4jjI_JlII a ^J-«JI ( _ ;r 3 CjIj jJLa 1 Jar»JI 
CjljLiJI oJLfli ^b jjj LaJLicj . 4jjJL>. (jjs j-i-a V jjsI djlj jJI (j-u a 'I 1 aqJIj 
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cjljjJ! (j-jGai i4l5L* 3j!jj>. jJjjj i4_ulSJ! cjljHaj LS II cjLLo acj-u±i 

JlJ i I j 'j j ^ 4_j j se Mil I Cj I 1 n-»J I 0 JLA ( ^tH>#^ LJ '^'** ^ i) 

I & j J iaj (_gjJI 1 n->JI ljufc (_gjjjljJI ( _ ;T SLLiII . j'a idiljj.1 (jjs (j-u^La 

3j^>JJ j-jUjljj . ^JJ i*a-JI CjLi^'C i nl"il1 4_La_*_ul ^jj-a (j^a£*-i L-a_Lu ' ^ J ' " 1 
a \l , sL»_uj j^ic (Jli-o (—tola I 1 I <L>-L>.jJI (_gjjjljjl ^&j*_LJI (_£_oj-xj (jj^-II 

^l^a^- L*jjl>-j jlcLuJI 3x.j_<j/ dllill »l air (. 1 1 ..->■ Laj_t£.j .j_ajs-^M Q5UI 
(jj_JLo 200 J ■» j j a 'I I jbt (jlSLa ill' lS^ '^ulill >Lo jl£ <_aVT 10 

j < j II (jj^j 3_uL\JI j2js ^iu£ 50 jlcLjjJI ojl£ I jl) 3 '< < 

p a ~w jj_a CJ P ^>->*-M tj' ( _p3lj^Ll Jm_JI jjjjLlS JlSJ i(«Lua_Ua 4_U_0 (jo_iLa 

' La i ■■j**'t I (3^^ LjL*JL I o j 1 (jlj 1 1~* i up a 
lj_& J ir>j 4_JjLx_a Jti^. n_4^.LlI.I ,j-a j_uSL!l dliill tl air i_3jL^3 JlSj 

<_3^li>JI ^1 £-»-JJ l_4£.LUI tfjUk (jjs «.jj>. JL3j 'OJ^' Cr^ 'rVitl 

»l a 1 r JLa jJaa i! 3-^.Lk.jJI ^gj-SJI i^^jjIjJI (0J=-ii! jot>J,I j-jaall 

^a^cJjl (j^. ^-ZuLJI lidill lLuj/J ( _ ;r 3 £-2j 4jl_i i IjjLjoI ( _ ;r 3 (_gjjjljJI dliill 
^jj^IjJI LiiLaJI »l glr Lol .Eta Lblj Delta bJjj Gamma LaL>- Sj^iill 
(3j>3 ji.1 ji^j ij^lsjll Ijuii (jx. ^LJls IjJH jiii iLJIjIL-ut 

^JU»_a w I c lj 3 a3l ^ji ^Jl i^j-j^t Jjlj cGL_oLj^ £jvlj-i a j * rt 

JLi^5j_a ( _ ;r 3 LiliaJI »l glr 4j>-j i4xLj 4^JLi (jl£HI JLjJLr>o (.^-Ij • ^i>^ 

dul^J ' *JU ' ! ' d jlr dj 1 1 i ^ r JI LtQ-JI jq^j i nil jLa^Jj 

LtjJa^ ^->J-2j (jr^'j ' LJI>^"lj 'j-^? 0 ! Cr^ tillall »l lit* i_3^L>JI J 

^j-SLl JQ-Ij • 4It3L>JI ^J?E_(JI jj- 0 3jLo 1 iS^_li-Le3 cLLa_dj jj-* 

<LlSI i ea a Lai i m -v| Ijj-J (jl OJ-*- 3 ^-'^ '(IruSliaiJ 3L>-Lia 3j| j_aVI ( _ ;r 3 

(jl (j-SLIj • jg-^3Lij S[ i ii I") I j ^- <J -^P" 5 I ^11 ^ La a * II <La-l i u a SjjJLc 

i> JL^S iSjjjjIjJI CjL>.j1I jjLva^a (jjs Jj JjlILi Lj-tC CjI jJLi J-ll \jJt (jj^ 
( _ ;r i JLjJUaJLlLi l_Lj_«_a IjJuLa^a (j^-*^ o' (j^l^H ' ' '"'J ' ^j^ 0 • 4 K uiXI ( _ ;r a 
S4_j^j^IjJI j 'I • ^1 1 ( j-a r< ' ea >■ 1 1 I JLA i_La_*_uj 
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j-jlC -j LcaJI (j_a • a * (jt • *1 r* ^ L*a.aH ^L>.j t (j_a uO-^* ' ^^-t-a-i ^ ' 

L$_tl_*_a jJ_lj ' ' all ' a ' »aJ * rt (j-a * O"^^ -1 3>ALLa OuL^ i(J^ ^ i Laj * rt 

cL>.L>.jdl (_gjjj!jJ! p^*-i-!l L$jJ iSj-jj" i .I a «La_L>.l cj! j suilj^ L$jl^j 

(j-t " 1 x t'n (j-Gj^e-a i_l!LLfl> (jl <13jj<_a (jSLal 'LSii-^'j-" lLIIAjI ^1 Jii>-" i nLij . i 
. jL^>- a 'I i aj SJLs. ( _ ;r 3 cLuoSJ! I i &3ljLc j ( I =L>.L>. jJ! p j (j-aj) I 1 J "J 7" '.' 

S5_j_jjjIjJI cjL>-jJ,I cjL«jjI i_ * i < n jj* La '.J! Jjj/ LuLaol ^1 j^Lpj LLa> 

I rt J q C JL>.^J t. < 3e t n j^j-S SjJtSLl i Luj^?E-a ^£ 4(^ r J^aSL11 jLulJIj jLiJI £_aj?ellj 
Ja-uj-ij icLuo_Ua «Lu_o 100 cLUaj»c ^lj^>* (J^ mi i _ ;r 5 i3j^>JJ ^^"i i u a (J^ala ^jj^. 
CJ _3 i. ,T,,itl tfjufc p ty. V. j . Luj^J, (^LiJalJ!) ^LujjJUJI £jj>Vl j_a iZjLa^LtJ 
i I j j i m j i i fy <*->}j^ (JK j-aloej I j .'-->» . a t 3 JjJLCj ^ a b -» a CjLujt 

CjVLs. Jo. G La_Lu <Luj L*aJI 4JLmJI (j-a 3jLa (j_a Lg-La J 6 - j La a £-Lu 

Parsec liJL-ujLJ! <j^a oLLa 

3,2 = 3_£1<3 

(jj^pSLJI '.Cjljjll! i_Laj_uj t) (^j>.j)j Jl-lA (j^. ^jL- 1 ^ 3-*-^ tlA- 1 j^- p La * 
I JLA (jl ij^-p-j . 4i£ (jaSLH 3j)La ' La i uj| (jL^ La-ijJ (jL>-!j + Jl>.|j 

(_)_«_«_; La lj_jJl£La i^^cJI (j_a jJ)L-iiJ! »j (jjs 3j_u£ 4. 
' O**-*-} O^- Lg-iiajj CjLijj^^jJIj CjLjjjJiSLIV! J i ^a j^yic ol i aVI 4_lL*c 
^ j i aj (jjLlII CjjjLs. J-tJj Jonized Gas jLiJ! ^ (jjLl!! SjUr CjjLso 
J! j^><-i *Lulj i (Jl ^*^-II (jj-3 Sjj>. cjLjaj^j-Jlj cjLjji^jSLlV! 

LtJ)L><jl LjLp.} (_^J)Jj Ls-a iQ^ULSi I J i eajj p \l . La l^-u^ CjI nj i n->Jl 

4 j I <i *\\ eJJb (j-a (JJLLa_u JL9j .4Jul_A 4_u_a_ila l_Li_a CjVL?e-a (Ji.lj) (_£jj>.t 3j-a 
(jlj JjLjoVI I J-A JiLa (j^ j 'I LaJI f j i ea 11 (j! j^l jJI (^-Sj iC^L>. (jJj-a s. 
SjLjJuio (j\jvj)j Jl_l^J1 t. lXjm ^-JJj (j-a Lu SL aJ (_£J-J1 ^-A i (j^j-tSLI^/ ! j (jajjij-jJI 

d ♦ u) VI Lciaj t j ' Ltaj (Jj CjL>. ^aJLl (Jl ^ala t (j_a (j\jt_a (^Jla i _ ;r l^ I jj L^aJLg jJiLuaJI 
' a pJj .3_jajJ)!jJI CjL>-jJ,!j >!j_a^»J! Oaj 4jljI/VIj w i ■■ a I xll 
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a!j-j>. t^^" i a a (J^-k w I C ^Lc J^^^i (jr^- ( — 3^*^' i^- 1 tJsaJia, Cj1^_u_u 

CjL>-jJJ (jl-JL^QJ! £ ^>-J Cr^'l-S-W^'j^' lilLill »l a lr <_SjjljiJ LcjjJca 

jj^>. ! Jl>. cLagj-Ja CjIjLJuI w La «" (jlj>.j|j JLl^JI ^J 1 -^ 'j^' jVI 
( _ ;r i^. CjIjLJuV! ijJLA i.~ i * < i" j >A ■ ' (J_aa- ^Jj-S (j- 0 Si jjJI ( _ ;r 3 (jjjjjj-JI jj-«-J 

■ j" 1 j" i ( ii 21 JJcx-a ( _ ;T j*.j_a ij,^ 3 
JJsl jjj-uc 4j>-j_U i Lja^e-i dJjjalu JljL^JI SjLkjj/ C^jL^ tilj 

^sJSj_J! dlli (j-a JjJal OuL^ Luc JLtujj OuL^ I jl Lai ijjiaj j"i a j" i i » 21 (jjj 
ijlJLlI ^-Cj-uj (jjijukj ~ j x ■ all <L>-jJk! (Jjls (JjjLlS (j-ai lillj (j-l^J ' Jj^.' 
5-iLa- i ii t ~ J ~- uaJI j_U3jJll (jl n_Ja_jjljJI w SILaJI ' ljl£L&j 

JjJ I II ijr 5 LajLc y>- \ j^>>L>. (_£l jl jLuLlI ' gLflJ (j-Jj < LU^AjG ijr 3 (j-\j>.j)j JLl^JI 

. IflK LgjSj^itj 4jojJiIjJI CjLj-jI! icGL-uLlS 
Cjl <_i-uij] ti^txll ( _ ;r 3 *j_u^ I 'j gj. (_gjjj!jJ! liiLil! »l a If JjLjjj 
(jl) J^-i c_ t£^a£ (j-a CjLIjL^ L^-aJu?-**( i tiJ (ji (J_aIL>J,l (j_a (jH-J1 <4_i£LLuu^L11 

.cLlUsjV! 3j£L!I (jK i Hi (Jl i ajVI 2JjL»-a ( _ ;r a i(cjjl>.j 

'0~ "j" ' 1 " ^ ^ LgJjJa ^Lu (jlJI) (j-uvjj J-u$]l 4j>.j-a (jl »l aUtl ^j>.j-jj 

4cl jVI oJLA ^aljj ^ 1 1 iul isLlUsjVI ijajjljjl CjLij'C i nl'tl ic^u Cmm J^j 

i. i j i im (jL^ LaJji iCjI jJLi 5j>.jII tfj^J ^jjs-VI CjLuISLII jL£o-I uo^ Lai 
>Ltj| Ijl uu 1 1 Ltjii^lj iQaSLII CjIj j i U i n il jjl^-Jj 3ji (jl 

. 1 . >» At! 

4^j" i"i a 'j j-^ ' '-"J^*- 3 C/^JU ^^14^' " OuL^ Jl^J 

C^jJI ljr £ jO-Aj ijsJLkJI ,j_a S^j^ILa «L»-ii (^ (jjJJJJ-S'j (jjj^l'^ L^J ^La 
(jl ^0-^-1 ^-tiajl JL^Ij . 4jtli3 ^ *t^g . . Luj->Jt <LLaL^ Sj^aa-a (jajt-aj^_i j-UsL>J1 
ij»ajtlll I jj'a JL>- jj S_iaJaiII j^l £j\ ejgjuA j uu i_) (j^ja.j|j Jjgll jLc 

Luj^?E_a Jlj-csj (jl ^J2jJLl 4 Lj_JaJ Lclj j j '"-^ (_?-^l (j-a * Jj-^- 1 La 

(Jlj-soj Cr^j' (Jj i^Lflj (jl L UL tb ' ^ »j* ' a II JUJLtiu Ij-ai JJLu Ltjl>.1 J (j_a 
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.(j-uLi ^xmj (jl (J^3 'J-^ lii^t-i 

-J/UJI^j^IjJI (j-uSLLUI ^X.LLaHj_o1 ^jy^J i l^> a**< i u a \ ^**a (J-"^ LflJtSlIg tjpL&JjXt u 2 I 
j-jt 1 ^- t - J lli (jl i4_j_Lo*J)j JLl^JI i l^j La->Jl L^a 1 1 ' d-jlaJl lj_& 4_jjl_j_o (j_a 

l-<-3C ' ^ i3Ja^L«_«JI 4-aljjJ! li-lj I ( ii 1*11 i ii " l_LJj^5e_o (jl ~ ■ eaJI Jiilj 
£j j^l i_!j_i^s jjJLjJ sLj <_3J_2-j j-^j-l! j La ui (_Li-l J-ll ^1 (j\j>.j|j Ji_i$JI 

1 1 gj i La j >■ i njLaljj (jLjjjjIj jjLiJo jl f5-><-> J^-jj j^j-^' ' ^ ' "J 

^j^?e_(J1j i<L_Lj>. <L«3_tiL ,_JlLa ijy £Lj_al_uJ ^(jy-^u 3j^>Jtl ^jt .jl_ua£.^M ^j-Ut^ LaLa-i 
J j_^Iuj id)j_4_ij ^c-h.**uj ^3 jj t-s**r 1 1 J^jjJo ^5 j-h-ojj 4_uJjJJ1 £j!i^M j^y^ jJ jj 

!ilj . I ^ " 1 " a (_-t-uu>i i£.ljj_(_u * ) j-Sj jt 4_jjjjjj_u ^ j->o r I '^j i ^1j^' cr^i 

ijjl_>Jl1 r 1 lcSlAJi (j- 0 cJ^* J)J '-^4^ ' 3 (J^° -^ J -^- >> -^-^ L-^-Jei-cuJj ^jj?e_lI1 Cjj_4_i 
l_^_jjj_i 4 _ r _5 L^_jI_o>. j-^Tl<-uJJ i^jj*_tJl jj-* JlJ J^>- (J-j-^J LaL>. 3_iLa (J_<ijl1j_uJJ 

.CjJ_U (jy^- -i^-Lj-U (J-« iLtJj^?E-0 (J^-l-i 

' a 1 " sc ^ £j_i ^I-j-UsLtkJI cJsjJI 4 _^-^^L<u-Al (^jjjIjJI »1 q lr cLvjjj 
t_(-3e < ■> jj-* j-tH-^-J cft5^' jJu-ail 1 jlaj tTaurus jj-UI ^j-j Crab Nebula 

w 1 c 4_Lj_L»_j (j-SL^-J CjL»_lj! (_^l (j_a 4jLc ^t_u t^5^l (jLLaj-*_oJ! ^c-iJL*_u 

(j-^j^LII i^jl j <Ll£j^ jd! J 5 J ui II jJLi jJ ir^iU (ji jl ij_UaL>JI 

JjLj(_a (j^, Sjjs (j^iLo ^i}^ (Jjjlx-i 4j^jjIj CjLvjjs j j i aaj iCassiopeia 
jJL_ljj * (jT^- j - * "^ ^ J ^ J' * ^ (1)-* ^JJ^-t-^a »1 o U II (^jJI ^1 ♦ lo VI 

(J*C i"i i i-ilj^tlu (jj-Aj ' J * ' aa II t. 1 3e i nil (j_o -}JlC tf l^ ; »-A (jji^. jJ-LaXI I JLA 

i^be-Ual jJI S^JL^J,! «.lj^>.Vl (jl ^jjjljjl I'lliitl «UIc JLa- j JL^S .4jUU Vi>^- 
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(_-<-3e-mJ| Lai id_uL!lJ1 ^3 ^ILa 300 J * (^j-JJ J «Lcj-i_uj l_Lo 

l_La <_i >J12j L.Lo-1 

t_i!jJLaV! cLcj_<jiJ (Jjlkjs <j-a ^J^j-yj '^-^ ^ *" j" ^Lo-'j 

. 3_uL<JI CjljILajlj'Ctl (j-a i_sVT SjiJLj 1 jLujj^U "tcj-i-u w 1 ea-af 
.C-t-i^fcJtJ! jJ-LaJLl 1 JLA I mi ra (jc iS'j tj-^aL>Jl C^aJI (jy^>- 

-i^>-J 4_jjLj£ j-uiAi 4 _J_lL»3 CjJL>.1j ' d 3 La * 1 1 aJJb (j_a 3j_}Li-£iJ1 3_ja_o1jJ1 

1(^-0.90 jLa^j!) Lsjjjjjjj/ jLa^iV L>.j_<jla ouL^ L$jl jj* i4jjjJl!I 4_i£jSLJI 

SJlC £-Lu ^■J-"-"^ i4^jLaHl! S-iLtl (j-a Sj^J^ ^ 'f J-J-i 4jLa pj (j-aj 

. Sjla.ljJI 4-uLiJI ^ Olj^a >LiSL!l <j-a <_sVT 
jLiJ! (j-a 4-*i«-a 4-1 La- 1 uj j»lju^> 3JL>. (^ ija^j Jl3 <13jJ-2ll SjLtl 

SjL»jjJ! (j-a Lie SjujlJ! 4-o.LJ! ^23 LsjjjjjjjJI S^La jlj i^jSLII jLJlIIj 
i 'I I" I j^c: La i Lie L$J jLJLl! <— u i .1; L^ujj uu V ti^p. i3JjL^I! 
JljJjlII QaSLJI oA9 .3 4jL»- i nil SLab. J^v L$-l3 <_ .< . u jJoLUI 

H_£a_j.jljJI dliill »l air I . ..Ij U ^jJL (j^ill 4-Ua-aLiJI 4_ljjJl!I CjIj^>J,I (j-a 
p U. » ^ j 2jj i a 'tl jLi^5j^/l JjJl>. ' al> (J^#j>JU pJL«JI ( _ ;r 3 iJlije-JI <j-d_jLx-a 
(_gjjjljJI i-j^C i nl'itLi LtJ-i^sj (_Lt^-i '^Jjjs 2-jaj.ilj CjLiajj jju^sj CjIj^>J,I eJJt 
(_gajjljjl dliill t Laie. JJlxjj . 'J^j LajJ I t_! jSLvoJjJ Ll Lit Jj^jj (j-a Ijjj^ J-"-^ ' 
A J " ^ L^'-^^J^-*^^- 1 J Lta-tl (ja^jlu pj i4_j_uj-Sj iL^jj-Laj jjl_t-£iXI j>L>o1 

A 1 1 Cj|jl>.V1 i n a JLt-£5j 4_a^_a-jLLal d nm'v (^jJl^a^. Ajlg^j 200 
ijLaaJLi Ju^3j^-i diiill »l aUI (jSLai sL2jjJaJI tfJ-^JJ i4_u-uLtil j j i a II JoLajJIj 
CjIj_>JLI i_3aJl (j_a Ij-J^ JjljI i4j|jJI (_f J-a JJJL>. ( _ ;r Lc. Cjlj^ca Jj^>j (j-a 
. f. LvaAl I (j^ . ..tl (_jLae.^/l dJJj (_ ;r 3 4jjjJI JLa-a j«^>-jj (j^II 4isL>JI 

Sja^jLe-il (^ (_gjjjljJI dliiJI »l air 4-a i uj (_gjJI La (jSLIj 

dJJjj i^jJc-iJI (j-C SJjL* CjLa^Lta (_gjjjljj| dllaJI »l air i_al iViT J-2J 

Radio 3_jo-jjIj_II ^yjt t4 j . ..I . -»JI 3jljJ_Ju 3 j*C I . ..V SJ j a. I ^laJr" . ..L 
(j-c LaLaj L-aliitj (jj^JI (jc Sjjj^s w La »~ 4jajjljJI j-iLaLUIj .Telescopes 
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L#] 3 1 1 nilLi »l a i nil lJ £ f-><^ (j'- 3 , ^ ,tl j_Jal_Ll,| I j I ^ < __ r ILll dllj 

2jo_9 ^ LUa^x^ cj jj>. t ^Jj 4 Sinus 4_uLi_lII * Mill ^->*j (j-*^ 

2_jaJ_.lj_!l i_jL>.j_-,I (jl . I sL>-L>. jJI dj| i^^j-a j^c Qa^J -sLCjj "^P^ 

.4jjaj_i_JI CjI j i i ntl ij^^-a sLaLctci £-Lu iJjLj. ^oJLc (J2--J LlL<j*<j 

(j-a ^ jj Lag] I jjIsLl-,1 (jSLajJ V .SjJLo- jL-ji (jlr 5-jSI ^\ i i dl "j' a 

4iUjJil 4laL>JI v-jIjj^sVI JaLSlII Ja-I (j-a-^jjjljjl dJiill »l air ^-Lis JLaJ 

_a^Jlj . ja^jj^j-i (jj ' 'iT~it 4.3 LJu Ciljj^-r a Jjjj-^^jSLII jLJlJIj j»jj*_JI (j-a 
CjLjvoJJ £__j_aj?o 4jLoj_L_sjj t(_£ajj1j_JI jllaiXI ijr 3 *jj>* ^Q-Alj j-J^t Lajlj ^Jb 
Jj j La J'C i"i (j-Lc LajJ._Jo-l CjLuI^JI jj-a (jLcaj ci]LuJ.j 'Sj^J 2jjj_ilj.il 

Slj^a (j-c. 3jl_^c Jj^l ^j-illj .^jjjil ' . J-aJLlI jj ^^jjI^JI jjk ^LiJIj j_uST 

( _ ;r j|jjJ> u I c LajSjjj 4jajjljJI SjjLLaJI £-aj»<J iJj-aj-JI ^JLla 4jjjIj 4-uJji-a 
t___I^L___j 1 <J^L>. (j_a ^iiM-^J-^ CjL>. (JJLcj jcj iSj^-JI d La-3 * jjx. j__uLt__3 j^* I 
<j1_j^La SjC (Jl lSxi u VI jL£>. ' "'I i -a J III j_uSj (_gjj*j LutJ .jjjj»J,I ^1 
tiJJ j JLjlj (J-j--(J jcJ t t j--jj mi**<I1 (Jljj jJ^a-u-aa_i jL^>> Jjjj-L-* L>^-3 l< — ^J-^ (J~* 
3jjl.L>. (J^oSj j«J (J-°J i c?~ 1 ^i J ' ^ ^ ~" rt Cr^" ^^jL^^! (j- 1 ^^^ J -IT ' ijr^i 

.(^jjjIjJI liliaJI »l nlr I^i.ijJjJ 
<Lj-Lc (j I laj La jjt i(_gjjjljj| lLILjJI jaijC ^ a uu!?l La t_ijji.lj CjJLs.? (jlj 

.Quasars cjljjljSLII jl ^.^aJJI oLlJuI ^u^/I 

3 i <■<■>■ (j^Lal IjIfC JL3 ^jjjIjJI diiflJI »l nlr (jli? 1961 ^Lc Jjljf JLcJ- 
CjLij'C i lU-lII Cj JL>.jj i4j^_3 4j^j _ilj CjL>.^_a L-g-La j JU__aj t»l Lc-iAJl ijr _. ^__ll ^_a 

j-.j_>«j (j_a L^-ij j"r La iIjl>. sjj^aJI 4iaL>. Lajj»o j^jaljll ojjj. 3jj_j___i_l!I 

I Jjjtj tiJjjajj (jtQS i LjCjJLu/ i 'II i n" L^jl J-tJ LajJj ^ i -aj| . Lujj^a 

J-il L-^j| Lai? i -3 II (jjs J-f^ Cr^i J 1 3JjLa CjLcjjjlJ LlC 

jJjLj IjUlsj i L^Jg-q JLljljj juJuus p i h"kJ a JJ ' asj 4_9LL_> Jjfolj jjjSj 
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LlilAJI »1 tj lr Al i c i a (jl £)£La-i mi jj-a u£3^' 4^l_Ia £-J-La (jj^ 
(j^o J-jj-U 4_Ljl_Ua^J! i>j_a Q^Jjj (^jjjIjJI dlLill »l air jL».i 

J « i"i ... U (j-a oL^ Uj 

t4_j^JLl1 4_j^jjIjJI CjL>.^1I £JLA Jj 1 laj q\ Li3j^?e«a ^Ji.1.} 3j-jJtj-£5 ^3^?° (jr^- 

Quasi-Stellar Radio Sources <LjjjjIj_!I ^^jtll! a\ < ui\ ^1 I jjl*' IjMUi i Sa 

Quasars cjljjljSLII i Ijl i <alj. Ij 
(j_a <_sVT 2 « i a j i_al uil£l j<u i>iL>J1 ojjjJI 1961 ^Lc j i aj 

LiU3cJl£|jl i Lia 

aJJt (Ji-a-i I jSLaj njjSLII ^jjs [lc i ii-v JjuI Q5^Lj 4jLa <Laji»J! -Qi)l i u a ^^yjt 

.3j_pJ,l »l o i nil jUJI hjjSL!! 4jaL>. ^lc t 3 i^iaUJl 3_uLaiJI ^L^-Vl 

4t_iI3 (_£t 3C j— ajJLl I j i k . « tj_u »1 o t nt iLjJL>. Cjljj^SLJI (J_a_>uj 
jJLi (j_a jjjl (jL^ JLSj iS-JjjjIj-II j^jLLaiJ liJLiJI £jjjjjL^ ' aXiaJ jl . Vi-^. I 

3 jj! jSLII n_gjj j!jJ! (<u*-ti! 4_ui ^Laj-aVIj ti^txll (j-a JjIs j-^ I k , ,.a 
(jjJJI j^c-j 4_LS^ sLo-Ja ^Ijjl 1 i Triangulum (iJLlil <Lc.j_ajjc-a ,j_a 48-dJ 
cLs.lj'i/lj ij_<u>.VI Cod La ^ S ta * a ( _ ;r 3 4jljJi £-J-«^>- OjlSj li-iie-i ij_«j>.VI 

. joJIjlII ^jjs • aJ t_) j*\ i nil j-j^I jLa^JLi 
4jz,j_ui (ji^. JjJ i48-dJ 3 jojSj (S^c-lII Ajllm • fl-ila ( _ ;r 3 sLs-lj'^! tfJLA (Jlul^j 
Ltlu La J ■ * flj (^jJI JjjJ! jjl i^LuliiJ! jUa I 10 jJjJ JicLu 

, fiLu^_tiaJl ^ i i nil jj-a (j-o^-i 4jr J! ^-Lu ^-^J-iJ 

jJljj ^j-j-II ^1 i ii olx^S: iSj-JajJI <LajLlj i_al mm^VI ! j^J (jL^ Jiilj 

jil^t Jm_u V LjjI ^j^jIajILfij I^jL^j I j Sj^Lt-aJI 4j^j^1jJ1 CjLUa_t_Ll1 5^2J 
Lt£, Jjljj L^jI IjJL>.j tj^l ' a i4_u^_tiaJ! ^ i i nil jj-a CjLxa ^3 * jj-a 

(j^. i(_gjjj!jJ! LilLDI »l nlr I Jbt Jjlj J^Lvujj CjIj i 1 nil (j-U^Li 

i3j_2JI 3JljJ_Ju 4j^jjIjJI CjLj-jJiI aJJt Jfla jl Jj^sl (jjs (jSLajj (_ylll 4j3ljaJI 
- la (J0--^ ^> C? - ^^ d LgaJ I CjI j i i nil (j-o^-i P I < ^ Atl j ^ , tilt_t^t_) 

(jjl jSLII) («^*-i-II *l J "i I d jJLiJL>iJ I S^LUs'i/l 3jjj (jl LiJLLaJ I »l n If jJLS JLaJj 
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jjjij (jH-II ^JJj (Ji-o t(j " Q (q^jIo (j^-iio) Q^jijjj ^1 ^s. J-Lo 48-dJ 3 jojSj 

(jja mj! : jjfc mJjj^IjJI illLall »l olr j^p. (_£ jJI ( _ ;r <j/L-uVI Jlj i .ill (jl^j 

.S(jjljSLI!) (O^n-Ll! 4_ui Ji-b (_y3 J-«JtJ 4^UaJ! 

Cj-1.5 jJLa .^j^*_c_!I o\ i (j^o j ' ' a "' (j-J-II 4_LjLjJI SJaLLaJI j-u-ojjj (^-oSLj 

^i) Local Galaxies otj^J,! ,j_a 3 j 1 -sll 4_c.j_s.jJ, I (jl 4_£_L_JI iiiLiI . n-»JI 

^ 2_La__' |_g__j|__, -_!_l___L_-l jj i(l__o 3j-*_a 17 --JJ--I ^.Jl ^aLbVLl LiJJ^c-a 
g^Lcaj iSjJLJI 0J-$J 4j^j^Ij CjljLluLi (J_j_ojJj (jl ^t^". , ,." (jls 4m£jjj (JcLlj 

i4_j_j^_Ua_J1 C)1j r i nil (j-u^ljj JjLLu cLii_ijfc_i_u CiL^l i u a ^Jl Lca.ll 
j I LgaJJ (j .1 j 1 m£jj_LII (JcLlLILs ^cj (j-«J .4_j^j^!jJI ^jj?eJjl a\ i mi! (Jjuij 

«L«JLc j»Lol LJajJic. j-oV! .sl-sj-j ^ si tajjj ^^c_JI t>l j ,~ n \ jtx-i (_gjJ! 

. I j**'^l la ^j?e_l11 a\ i Mil L^JLo J (i"t i gj M^jJI jJLi^m (^j-A (j^3 ^*^J ' 0*J T ^ ' 

.^^=_Lll oLuJul (j£. jJLLtaj (_ylll SjLu>JI SJalia-JI 
Mjfjj 1 1963 ^Lc ^ Fred Hoyle Jjj-* j>3 j_l£jSJ! ^ Irill joJUJI 
JLjJjj Sj^Lflj . sLu jL>JI ■ t— « i o jjt 4lSLjJI S^LLaJI aJJt i- <-um (jl 

(^ j-^Ij<s il i» (jjU^I (jjLjjjiJI ^JUJI L$j *L>. i3_u jL>JI i La « ■ SJaLU 
ijj^LjVI I 0 1 r 3 j-m-g uJI 32LLJI j^u j ■ nij (j! L^j JjU»j 1 1854 ^Lc 

.(_jiajt_J1 Lj_Lajj ^,-1^- jM<i i"il1 3_>Lo JaJi-Lla ^jX- 4^HjI_JI i^JLII <L%_uj LjjLj (JL^a 
I j",al U jJLLtOJ ijlul^ (j mi i"itl (jl i4jSLLiII CjLiI i n -»JLi ^ ■ a!S 

j_jjJI ^ iBethe ^JLlJI ?.L>. V^m^s 3 n o uJI 2i£iLLsJI jj 

t g, LqAjlJ 1 p ♦ ifl ^j>J-^ C?^^ lS 1 -^' ' u-allJl * ^jjj" 1 -*"-*-^ ^ OJ~^^ (j-* 
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cj^icLil]! (j-a d i ..1 1 1. ^jXg. («jLS (jug i"ill 4^LLaJ! jju^ajs (JjL2J! 

S_^_S_I ) l_Li Jj-t-J JjJ-* 4>3 j«JL«J! (jl J^-><-> IjSL&j . 4jjj-l1I 
( j^o 1 * 1 ' a J ^jy^-JI tiUj JiLo cLaLIa jJ^J ^ji ^t^**. . .. « i( j_u_<j_*IiJl ' flJt-La 

i^jJ! J-jL^JI p iii ->JI ! (j-c: J^iJ! <jSUj IjLa (jSLJj "1^=3 (jSUj V jl 

. Sj_£j_tl 4_<^>.Lj ^1 Ltjjjj ' ajuu L^aae-i i I j i a « J oj'j^J-l JaJLUaJj 

tAj -r i 11 (j^- 1 ^ j 8 ! a «1_J V JjJLjIu-I «Lj_u_ij i_La_i^t_i ^Jj 

^jt ' a **' j i4j^j_}ljjl j-jJal_LU JjjjJa j^)^ ■ * i ' ' A J ^ *i ' ' 

t_t-i-i-uJ i ^Lj ^_r=Jj 1 <LlxL ^ ajs 1 La « lia] 1 j 1 jJLo aSL-u-u ^ . LillA! 1 p, La_Lc jiu ) 

j_aj i^jijso !j! ^jSLII jLiJt JJJJ '^tP' i LtjjJajj 
V 4_Ll*_o ^^j?ej>. t-dl_LAj .Cj!j->JL1j ^j?e_l11 {j^-u tf.\ ' a all ijr 3 4_j_^i_jj£3l_Li_L! 

(^JJ J j j i .1 11 ' ^j^'** (j^l 'L^jLo" 6-° 5^jJ-SjII J^b-^ cr^ L&Ijjuj 

Saj i 11 i Mit iJ3 _3 j tali * 1, 1 ^cjj?e_>J1 ^-^^1^11 ■■ 1 ^ 1, 1 *-j J-iS p i n^. -i^>*J 
Jl^£j ^jljjjU j^pajjLu ^jt tJJJ 4ijl_^Jl 4_ul_Uaji]l ^\ i i>J_A ^.gj^e T ij ' '"^J 

^^aJjl oLjJul C^e-so i— ij^j SL^La-l ' 4jj^illj 4jj1j^>J1 Cj^icLfllll i- 1 1 uJ iS^Ul 

>jJL3 . 5_aLjJI 3 j i mill 4jjJiiJI (^jL^ '(jj^l ^p 2 ' >^^' ^ " 
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5_uiL>JL3 lEscape Velocity (dj^LaVt S_cj_<j/) Lg^ i ..I 3^3 tiJLufc jl 
(j-^-Jj 'fj"^' tilli Ui ii Sjja-ji! jljJ.! J£ juiiJ ^1 i^i'q fj^ 
Icj-ijlj (jl '-r^^i 'O^J^' c r*^_J^3_J^ O -0 Ly*^ ' ii"> j-a-3 jl ^jijLi^s (jj^Alal 

CtlflJJ f \ LgaAJl ijr 5 ^llaJij q] (j£La_i i4_ulill! ijr 5 J-<-a 7 , 2 ijr A «t_i_L*_a 

(jl 4-tSLLaJI CjLu/ljjJI (j-a (jl-JJ . !j! J-a 4J Jlitljtj i(_psjVI <Luj)L>. (j-a 

jn^ll (jl dJJj) iS-uliUI j_ua ^Li£ 7 , 2 (j-a Jjsi jn^ll (jpa Cj^LaVI 4cj_<j/ 

<Lcj-*_u (j^"i i n a (j .I n miH d 1 1 n itLj Lat t ( _paj^M c_^a^ jj-o 4_u!iL>.j 4Jli£ jJL*-^l 
-p i ujJI 3±£ (jJc juitj o^LaVI 5^><-u (jV 'Jt^-j 6-° J-^' o^LaVI 

fll i uA (jjsLIj . Loj-La 4_*_a i i i ..1 I , ^ Atl ^Jl »^ uJi 4_La J^lLaJj (_£J-1I 

<Lcj_<j/ (jj *\ "i i ii-(j ii a i"i tl d 1"^ (j_a Cjlj_tl (j-U^La I gj 

. r J ' a II <iCj-<-u (j-a J-<^l Lg-i-a Cj^vLaVI 
t^0J?e_iJI tfL-tlut (j_a CtlAj (jjja-d j 1 1 ii i tl 4jj-La_Lll (J[oJlj La^-3j)La * J-L*aJI ^l_}Laj 
iC\J_jl_A fiL>.jJ_) L$jjIjj>. cL>.j_i ^LgjjI p-Cj fiLajLLa_a Lai i n~».| J J u i n p3 (j-aj 

j j "i i .I jj jl ^^5c_JI oLuiu I jjLa ijjjjcj o^i ^sLLaJI Jj-^jl c-^j-^j 

( _ ;r i CjjL>. j_A La lj_A (j .1 j I (j-SL!j . ^oJljt_ll r I LtaAJ I j»^LtaJI (j^s ^ « t-»a 
d j 1 1 ii ill SjjJiill (jl «Uj2j i(_psljHcVI I JLA (jr^ JiJ^ J-3 ' "'^j>^l 4>JJ . jjal_j]l 
£LLaLi Lai i ii I O-iLi aJ La_<-^ i^j%-JI aLuiu! ^,1^1 I j ajjlaJ 3_aL*J1 
(^Jl i_Lj_itjJI jLaiiiVI j JjLjJI .Ui.^tl (j| jlu . J<At| 5L«JaIia Sjl jCLuuVI 
IjrS Sjl J" i nVI JJl-lJ j<u (j-aj p laj * a I ui (jU->«j ij^jJLl ^c-i (Ji-I jJI 

(jiijujjjj I j£-Aj.4 ljT"ii, ia4-ul i;-i l it l ^Lvu^.^/1 ojut 
jl^ a**i i n VI (j_a ^^j?E_iJI i>L_tLt (jSLalu IjcjLaj i g j t ea II cAdJ CjU^ILlII £JLA (j-aj 

i i ..II ,jjs (j-u^Li SjJ, 2^1 Ull JLvujJ 

(^j-La-JLJ (jt (j_a 4_llj-^, j_aVI JLjj— 1 (J^^Jb i h^^j^lII (jt jJljj Li_Aj 

^j^a_L]l a\ i i"il (j^a I lL.oj ( _ ;r lll 4^LLaJlj ?j-JaJI jjL^ I jla . . a tjj i ujj 

i La j uu II j J_2J I J &-<LjSj-^aJI CjIj i i nil ■ "H CjLal i n U ojut J-^ 

(jj)l I j)Lt3 4C_ujJlII g^yjl L^aAll p i n-»J1 I JJb i ul (j-a t^tidJ (ji c^l Laj i ol ^ jJI 

Jj^. j-a^l ' t^Sj . ?4i£ p i n->JI f. jjja I i 1 1 j jj Laj^ JL>JI 4_lLc Q^SLuj/ 
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(j_a jis! jJDI ^Jl Liui Jj>* J^-j J-Sa i j^>JI I jjt 

j<U (j-oj iJjLt 4_ujL>- JLx-a (j-a O-Lflj 3JL>J! £JL& ( _ ;r 3 I j IS[ Ij isLLa cAaj (j| 
.JjJai =L>-j_o Cjlj Q^ill *!j-«^>- Q^S^S , I U p U, . 1 SjJsLa 4£L^_La 
(j .nlq i ^ *jt-»tl Jjlitlll 3«ljJs (jr^ ^Mj^ L?J-?° ij' 't'? 1 ^ till i (^r^ 
l_t£, JjLLu LcaAJI p i n-»JI ^jt ij-*3J>.^1 (j^UI *^>* (jj-^i ' a-jlaJl «L>.!jl ijr L»-a 

tiJJj ..j»jjc_iJ! tfl_j_.il j!j___I ' _ u-S-ll SJjLsJ, iSj^jjIjJI jJiLUI (j\r 



<_u i nil jjk Lla j i ..ill (jjl i^aAJI j»>><J! ^JJ^ iVirgO «ljjj>JI 

cj j j o mi jjJjjL a j^il^jJI L^la2jJ1 ^jyj-Jl jj - all a uiS jl^Jj . ^5^-3 ^11 1 J-A 
dJLLa q\S jlII .j^s-I Vd>^- J-°' 'J^J^W t_jjSLJj (j^o Martin Schmidt 
< jjLb-(23-J'C ( _ ;r a J-^J "3C 273 (273-<jJ 3) J-jLa 

j i i^>] (J's uiJI (J-llaj ' q J^>*I ' p i u> 4_La ^iiCj t^l o i nil i ^ • 
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SSjUI ^j^j^"' jjfc La3 .Anti-Matter SjLU ^j^j^'J SjLU ££j a ll ■ 

.(Positron (jjjIuj^jJI) 3 hx uJI i_4^.j-a (jji_pSL!VI 
^ I A", i La^jLs iS^LXI ( _^a_Ldj 3_}LU (j-* ^JjLlu LaJ_t£,j 

i a 1 j se J V «LUa_t2_(J1 SjjJIj . LaL>. A t mi! jj-* d)L>.^_a ^^ji^. ^j^SLII 

.4jjLjlI! SjjiJ STjwfl 3jjj^5 Ljjl^J 

LULc Js> LS .(^f ^1) ojj^>" o> g^Ai (24-jSLiJ!) 

j L<-u_lJ I jj-* ^j--^^ ^3^^ c?^" JJ'^l? (~) *'- j -JL-*- 0 fi ^ J j^^ ^ W M* (J_<i^t_) 

<L_lj>. (J_<i^t_L3 i (^J a - t ^^j-JJ) ^^^uj^-LlI Lot .^_<mJ1 ijr II 

5^1a_>Jl Lot . j L-o-J I ijJ JI ,^_<i_jJl jj-* 4_u_uSLc cLajjJaj Jj^j 

^Lb (jjjL_u! Lajjju cjIj jJIj idilj jJI ^Lb ijr 3 (j^L-u^/l jL?ej>.1 4_ililc_i 
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L$"LLjjj>.j L^'j- 3 d^ 1 i4jL2auilJI "j,LU ojSju (jl (jSLx-i (jjiLj/^/I I Jut ^juiAlij 
JS^a . LoL*. SjuSiI JSLi ^ 3jLl>. SlsLU gllij 4iijLdl liiji^la i}LiL2" I jl VI 

4jjjs CjLsLLaJ J j i ii ->«J Jj^s^/I ( _ ;r 3 jjt i~J,Ltl JJJ^> JtieJjJ (ji^' LUj*. I- 0 
jlj'Ci a J La i a I JL3 i La ~J,Lo (j_o f^J-^ J-^P (j' LLuaji ^la . 3 jLaj CjLcLh-ZuIj 
I J_c L-a '^j SI Lta^JI 3j3L^j ^JSLuoJIj ^5-til (J- 4 "*- 1 *LUa_L"_) "_}L« (j_« f*l>-?' 
jj (jr-^s- L$Jy>. La J^J Sjilil (j a" njjJJj-Jlj (jj_pSLlVI C)l tac ~» 
1 j_a I j ■ a j S i j 3j,LU cJj_>«j JlJLJ ■ (jl *C i nil (j-U^Lo L$j 3j_lj£ 4_cjJla C^jI^ 

. L-gJa^. La J£ liii^j SjLjj. djLcLojilj oLsLL ^1 iSjajjjJ,! <tjj,Ut LglJL^. 

•Lirp "i ijV 3j_L£jlJI 3J jL«Jkl (3 jL*i i Lie J, til JL*J La j j i ii rTitj 
(j-o j»lj-^>- J Lji?J («LuLiJI ^jjs j~ nu '< i ii ILl s j l 1 1 J-JJ-a X CjLalj^>JLl 

t;r iH ,j-<-oljj>. jiu£ (jLjjLcoj 3 i^ijSill "j,LU <j_o ^j-iUI 3j,LU 

-j i a 1 I 4_Cj_<j/J-j Lij^j I 4j^Lii 4_oLalj 2 (^1 (3^10x2) (jl ' " ^ 

:jjUj!i«j/( IO IO x 3) (_g_gl in* 4_jj,Lx!l ' ' "^Li 

= (2r>"uin| 3Jj,L«_o <_ 1 1 S^LLJLa (jjl) 
5jL».j ( *^Erg2;jVlj (^1 3 I0 x 18 = ( I0 I0 x 3) x ( I0 I0 x 3) x ( 3 I0 x 2) 

~LaLLaJI oJLfli jji (jl J '■ -v»m <jl-J I JJ^** QJ "** ^ ' "^LLaJI CjIjl>.j (j-a 

j_uLta (^Jl 2 i^aanxll "jLtl j 4jJ,L«JI "jLU (j-a alj^aL£ a 'I iaj ^ 4joLlII 
.3j>m w I aj LaJU£, jj^tjj ( _ ;r lll 4ljL^JI CjLui£LII ( _ ;r l«-a LJ (jl (j^-JJ (jl (jSLx-i 

! i) 3jj>i 4jLul3 2200 ^1 jjJ 4jj_us alii SJaLLJI fj jtx«u 4^LtaJI a juk j! 

Jl2£ i(olj3ljSL!l) a^juJjl fllj ifii? (jj» jj-uaj ^pJI SJjL^II iLsLtaJ! illJj i. < ; < n ij 
i>Juk (Ji-l-5 ' I J ' eaj 2 'J "jLU (j^-i a J ' La « i a (j£, 4joLi L^jLj lLLLAJI ^1 <i Ir J La 
La aj ill al < uu] (jl ^^^-^ < all j-u_u^jJ1 lj_A (J^a i4_ul_tiajiJ1 al i n--V1 
.(ja£LII 4^L>. J_t£, lj-J-«-i ( __)iajj-i lj-«-J (J^-4-i ij-UaL>JI O^^aJI (jyJ^- ^^Ij 
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Il§ ... JLaJI^ 

5^1 i c ^ujlSJI (jl i h t^U d 1 1 .1 itLi »1 o i ntl dul^ 

w a ' gaj ij^iLJI ^1 ^j| ijr S-il (j-« ^ *~ ' ' ^ rt 4_l9 (j£. 

J_j_LJ! d o L^_pjj '<Jjj' *s-y^> I #jlr 

i^jjjLtl^ «LxJ^LlL« 4uj ' ca g SjUJlc i La S * * (j1_}jjj »1 Ji^ i nil 
j ■ a-j i oV! i^jLj (jL-uj^M (jl^j .^^5c_J! i_yJb 
jj_u^ . j^ilaL-u^lj^ * ilitLi ' d LgajaUtJI 3jLl*_J1 ^j*_lJ1 
ja-lU 4jj_aLLaJ! CjL£j_>JI ^jTn j»L3 (jL-ujV! (jl 

d Ur^ «Lui/^l (Jjljl (j-a 0-lL£ (jl Jj 

La-La ij-iSLijJ! Ijljj j<ujl2J! (jLmjV! cJl»j>- (_^lJI 

(^ (JaQJI I jut 4la (Jjl»- J-2Jj . jlj_<j/l (j-a 4jL;U 
LuaLuiS 4-j j-tTu- J 1 cLjLo- C_)LLb_>J ^yULi <J^L>. i^j^SLII 

(j^J iSjl^sJI SjLjjuiu 4j*_AjILa Spheroid J*C uJI 

L^_La jJ-^ LaJ-tCJ i^^A^\^ J^jU^T^' (Jj^- 



cj^icLaj t A^= T p-> I mi m 4^LLaJ! tfjutj ij«ja_Ll! (Jj-b j<" i ii U (jjjV! jj-u 5ijLt 

?j_u3 w 1 c CjLs_i-a_i (j-* Cj^LcLojJI <?J_A 4^jlu La JjjjJa *^J-^ ^-ijl^-i 

<_3jju jj| ^jU", , ,. i , L&j JLcaj CjLiajjJ! ^1 <M n"i i iiVL-L^Lilal-^aJc-JI 

I j j j ■ uiJ j^)^ -4-1 J-^LulJI ' *iua 5^Ia3* ^ji cflt-o^j . ^ajre-Ll! Cj La^ U U 
V «t_j| Lo-^J i ^- > '^ O^-*- 41 - 1 ! Lil i n tj L^J ^jl ^t^". , ,. i iJ? jJ1 iCjLa_t-a_JLi 

(j-oij Lo^J ij \ Lose i" i J^J-JJ 

, (_o_lL^J1 Jo ' Lo-^-J 

i_3^Lli.l i- i j i iij . (jjj^J J- 0 ^^^ jAjlojI LflXaj ijjlaLuJI j-i^Lj jjiijuVI 
ijr Lc tj^alll jj- 0 <Jj^-*-ul lLLIjJj uiAj ^qj?e_lI1 3j!jj>. «L>.j_} i_3^Llo*1 tj^all! 
j«j ij_ «^>.^t Qa-L!! Cjlj 3jlj^>. jajjc_l!l J^lj .jojc-l!! ^Ja-uJ 3j!j^>J! £ >^>-jJ 

l- i i n -wj iO-3a-J! £_o LgjjJ aJJt ji^'J (jl C ^jj Jl2Jj •<Jjj^' 

CjLajJLa J a " 1 1 1 ') i^JJ 

JL»J (jjjjAji V? i»l tj 1 nil Li'j-j (jj-^' 

cjL£jSLII L^lLc j I Laj jjjio- cjIj_>J,!j ^> uu -»o Li^sjIj iGalaxies 

. Constellations 

ji cjLi!j_o~ (Jix-i L^jLi cjLi^j£LI! ajjt (jjiLJ! (_Ll»3 'o^j^' |<uj^ j-Laj 
j j 1 a * 1- 1 1 11 ~>. ijLj_>JIj ^Laj-a £ Lj£j^ dJLijt 1 1 ajlj i«L>-L>. jJIj (jLUj_<jJlj 

i4_L3ljLLa jj j ^^ii. »l 0 i n 1 1 d 3e a t a .cL»£^£L11 ^J'C i"it jj- 1 ^^- 4-0 ^^^ 

^CJ i(^_»_a ' J^Li. jj^ uJl ^j^* ) ijr 5 j j laj Lo^_>o i-dl_LA ^jt LJ ^e-Lajj 

<. i 1 n i^LlLa ' a >J| t_d_Lj-aJ1 »l**i uJl CjL»£^^ L^jt ^^?e_(J1 CjLi£^^ 



»LuaJI qo pJLc 



4 J^-J-SE-UiJ I L&JlJLjJ 4 jj_U_<S_tuiJ Ll 4jjLdJ,Ll 4 ^J?C_(J1 

- ( j-u-<a-t-*gJ 1 Juu-LlI ^>«J < l_4_Lu JjjLiU 8 4_^l_<_u_a Lc£. Jut_u LLui^o-.tai9 

4ajj lo 5 r m. 4j3 5-3 1 . ii a [lc Jjljj 4AlfaCentaurus -jj^ *^ L^JT ^tlll 

U "JJ^* *^ ' Jju l-4-Lu 4 jJLo j^jS (j ^ji_a 1 49 i La - ojJ-t 1 ijr 3 (j_u_^_tIaJ 1 J_*_i) 

4 m 11 J L) Oj3 L>. ^ a_3=_J 1 £ j t *_Ld L-u h 0 ail 1 £ t ^y_*_u_ujj 1 t. 1 1 1 11T 1 

*»La-< nil ijr 5 ^j?e_lJ1 (jrU^_j (jr^-i S^-aJl 1 La 1 "j" rt VI q u 0 utll Laj a LlJ 

giitinll^l 4j» J 

I jl_oj ^^ja_Ll! cjlJoj ' l£>^ • 15 ( n^fl j«j>.!jjjj ^ L^.1 j-ii Loj S L^jljti 
j_o>VI (JIJjjJI I jut (j! . S L*jI j> 45j 1 a w 2 Sj jjI L^JL*J ^1 S L^luL^j q^'C" i » 

*t - ^jt id) J-l ^jj-Aj Jo t Q i imI ^^e_JI_3 t«Lcj-*_uj cQjLvl ( 2>^-4-i 
i4jxmVl (J^ S-jLr*.^/! (jSLa-i ( _ ;r i>.j . . Sjjli Jo. ^1 4jj^c L^jj-oj L&jJ jjs 

( j_ 4J jj ju3j i^_)jL»J1 aj -r r 11 a^l * cLi£ Jlt^ilu L>.J^_4_i jug 1I1II JL>.I i i n 
'/• I 0 (jl ljJL>.^3 i Jj i^iri'll (j_o «(jr^ J 5 -?"- 1 U3r!-'- a JtL> Cr"-^ < »Ut l 

^ n 0 MilLi 1 LU-L^ . jno Mill d 1 nil ^^J%_l11 ^JUt ^-A 

4jLjSLj^£j tfjLj^lj 3-alj.J j^isjaj iMi^^ u <i i"ill la III j^J- 3 ' ^ ^l JL ^-^'-3 

. sjjla ^JLl j 43l^jj>. f< La * rt j 4-LsLLa ^JLaj ifiGLuJLaj 
^j*jJI <j-a juu 1 Solar Family 3 j . a Mill 3j_<j/^1 ^ ^ , nj'ijJl 1 jufcj 

iMain Sequence 1 j *ijJI ^LllJI 2 Li jajaoJI 2 La . « 

. <— jl j uJI 4Jo-j_o ( _ ;r 3 CjJIj La (^-Jl j»^*-tJI 

j»Ij^>.^/1 (j_o Lgjj-«-ul t ( _ 7 ^Ljj iLtjLs^lj ^i .Till L^j^IjSLi ^ 11 g i"illj 

gUC^ 0 jJJuj i Luj^?e_a jj-* 2_jLiU ^Jj^i iX _}j^?e_« 4M3jj>.^l fiLuL-iaAll 

4_uj/ Q^jJLo 250 ( _ ;r i 4_LaL^ SjjJ *J-? , -'•' l£1Jj j^J-o (J^>- 4j 1 11 n i"ill 

4-Lm ILl SjJJlJl OJUfc ( - 0 1 11" j . ijr 5 j^i-a jJL£^ 20 £_Lu «Lcj-ljjJ 4 Lljj-oj 

jLjfi L_£iJl 384 j u^^-* l^' <j " 0 "'^ J ^I jjj Cosmic Year 5_uj£LJ1 
^_ Llj Lj^ 4 ( _p3j^1 ^e-La-uj d-ujL*. ^ 28 1 ^h,,, 4_u^L^J1 juj3j 

.^Lc (j^-lLa 4-Ui-ftJ>- ^j-u-4-t-**aJ 1 



III 



<i (j_o 0^3 ^ * ' ^-^ jt^~** Sj-o^^/l CjI j i i ntt ijr 5 tilLUt »1 <i \c LLa^. 
(j 11 1 i"i II 4_LjL^J! 4aLLaJI 0 JL& jJLuaj Lo : ^Ljala ja^jj-o* (^jJI CjLcjj^a _oll 
4aLLa (j»o ^h-J^LLa Uj^>« *j 1 int ^jl>- > 'J U^-t-a ( __p=>j^1 ^-4-1 ijy jJ!j 

e-^ljSDI ^yll j^-^?! Uj *'-»; J ■ -■■jj , r I Alt ( ^ I j ,tA i jjljIj 2 -yk"* 

4j^oJl!1 CjL>.LojjV1 Cj^LcLlL! «L?e_uj ijr A ^aJ?e_(J1 jim <"itt 3jtjj>.J 

3jL*ju (.Mini 5^ q**< i u a d A . ^ < ^Jt ^yjjtj 4^ jjl ^^jjt L^Jjjjoj 4_lLl>.J)j J_l$J1 

. Lgila Ll ^£1 Sjlj_r»Jlj ■ La « 1 1 1 
£>.j3 t(j n tj Milt (jJsaLl (jr^ ^IjLiJI 4_j£LloLu.} (jt dJLLdJI »1 q lr ^j^* * <Sj-^3 
jj-o Sjlj^sJI SjLjJlJu CjljLiJLi i_S jJL (_g jJI SjjLjJI jJI (^jilt JoJLua ^1 

Lg-se-ta-m c^jlL Lo I jl iSjlj_>JI (j-o 4l5L* CjIjLu ( _ ;r 3 L^sela-m ^1 1 1 j * La I J 
(jJI J-^-J-J ^j'-J- 3 * J-^' ^'j^!-^' <L ^t! . 4aLLa £L*-j/l - I .^Att ^JJ V,l 



CjIj jJI ■> il 1 aaj 4j£. JJ-y (_£ jJI J-°^l i4JjL* CjLcj_tuj dalla-La jm i"itl (j-LaLj 

^Lajjl ^ (L^jIj j Ji-I j Lj^pSJI i. . 1 n~i<~) jJLjj tj}) (jjbjj («^.>Lu ^pJI 

(jJLc i4-uLi]l ^jla 150 Jo-^ajJJ j±u cli Lc^ i n \ ^ a_o_3=_4 ^-l 5-^- 

j<s-Ua_>JI I J_A (j-Jj-jtLla j»LLaj jl (jjjLs lS^ Jjiasej (jl tjj-ij lS^ 1 ^ J-i^ 

1(J ,i n ui tl i_JLa <j-*^ ^LLail jj^Vl jji^all (jl (jla^illj 
^_Lu A j La^ (jl »1 taUll (j-Laj (_$jJ1j i(4j^La «L>.jJ (j^tla 20 ^Jt^v) 5_j^t-*-o 
6 ^jJt^o^. (j 11 n Mill ^_La_*_o 3j1jj>. cL>.j^ ^-^i- 1 i J- uz ^Jl 224 ^Jt^o^. 

j j ■ oij ^jjl Atomic Theory 4jjjJI 2jj tklll i-.U^ i .4jala Sj>.j-5 i-sVT 
5lS_ii>JL3 ..4^LLa (^Jl S^UI J>=JJ ^LilaVI (jjs (j.in Mill 4^LLa j J ir-it, 

cL^LLaJt Jj_LLa_Li3 (j 11 a Mill j-t-^Lt^, (j^_i ^clu 4_jJt^aILa ^Lajat CjLlLi^, (jt 

Lo 4 j uU ^Lajjl L^J CJJLaJ J<t-i>i ^JJ^ 4lj^ (j n o i"ill (jl£j . L^la 

(jJLLa-LlJ Lj-ile 4joS 4_^>.jL>. Sj Laj ■ ■■ jji i^L^L^-jj JljI^JI sLLlISJI CjJl»j 
iJ-jL^J! ' La it-La 1 1 dllj 5j La-j i "It oJLA (jjJLxjj (jljjLij «Jaj i L^lo 4jaLLa.II 
. JLs-I^JI J-JJ-LI j'oj'ii 1 ntl lJ Lc. (jJa (j^jia jijj 4j| (jis- I (jjlr jJaljJI 
5jlj 1 -«~ a 1." 1 1 njt i4 j 1 11 n ."ill 4jaLLaJI jj-ij ^i5J-^' ^dj'j-^' Cj^LcLiUlj 
i4lajljllll Cj^ija^tlll jj^ (_LaL^ £-jLu ^jJt (Jj i3jL>.lj 4jj|jj jJjojo 4jS t* 
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pLuiJI qo pjlc 



^tj^si CjLjSu j-^LulI! (j-o JljJljlI! I jj' a p J i "j Cj^LcLoj d 1 1 ill i ii 

4-lL»J-L1 (jl ^-UsI^I! (J-OJ . 4-Uj/Lu/VI SjLo l(jU>.j|J ^Lajljl 

SLLcU-j/V! SJsLtaJI liJJj Jj^LUjl VI 1 1 Jl>. La^-a UoLj SjjaJjl 3_jjIj^>JI 
J) uij d i 1 nil m£j^J Ot^* ^>-*^^ * (J '"'^ ^c-Ia-m3 dJJjJj i3jLi_>JI 

^1 J 1 -»~ jls 2 2 &l ui cjLcLajjl ^1 i_utjG 3JjL& cjIj^sLi »l a . ..11 
joia-iiJLa 11 a Mill Laical (_psjV! ( _ ;r a cLLaLdl cjLaLLaJI £jj->l p la * aj 

Sjj^ie-a d j 1 no mi CjLaLti V! jJal jJI f_y£ f^jJb La L*j_lCJ JjjIIjJIj uia-Vlj 
3 j 1 11 n Mill CjLcU miMJ 3.i5La_i£aja.a]l /"i\l c I A",tl ; , „t| (j-u^Lo J^L>. I 

.(_p3jVl c_i£j^ (jlc (jJjVl SLpJI ^Ij^-dLi ^j-^jt ^pJI 3 lih-ktl 

f-fj ' ^ ^' ^ ' " ^ ' " ' "J d— t^l-S ^JL ***i 1 n U ^ n a Mill ^_La_*_u (jr^ ^3-^ 

3 j 1 11 n Mill £-ILlJI OuL^ LajJ-Jj SunspotS 3 j 1 11 n Mill £-2-lJI L^jl . .£-a^UI (jiijU^/l 

_i 3-* '"'^ u*al J19j i L>. (j '1 1 miILi d 1 ' gall U j-Al jiajl 
3_jj^j_a ^ S La * a ' dl * : Lx-Uslj ^iSLi jitjj Lgjl .j_U3L>JI oJsaJI dliill 
JJaJI A a ui a 1 n" S^LUsI j^l 4-2IaJi QJ diiLx-a (j-^J ' Umbra J-laJI a i n" 
<t-La j_Lal I 3 W t( j ,1 q Mill ■» U , „ ^ LiUJ. J^l 3 j 1 11 0 Mill j-2-JIj .Penumbra 

LUsLoie-l! JJ^I mJ j~i ' 'i a ^j^'j- 0 3^i^ ' £ ^J- 5 2000 ^1 3^tJ Sj'j^- 

( _ ;r 3 Laj-aX j j laJ La-ilj mJ^Ij^ CjJL>>j V d j i n n i"itl ^2jj|j ^eJa i iA\ (j-a 
Jl jj-a CjLua ga 1 Sj-uSLlI CjLc^_aj>Jll ^j->o q'\ iCjLc ^_aj?e_a 

(SjCiLoJI) ^^jJjVI ^ a i n" i L^_La JjGJjV £±j-i-u ^_a_J 1 m' S i^L^>. VI £j_aj>. jj-a 
(jOJjVI JJ^I 3jLc (jjSijj i(j ii a i"itl (_j^3j^J 4_ujJ(JI 3^L>JI ^1 3^1 i i nil 
ijjll'JI a <>_LiL2JI Aj 7i 1 1 1 a . ('UjL'JI) p^ul I gjic j^l^j' 0 4_uL"JI Lai K i iiLa-l 

.t JL_u jj>.VIj c_o*^_a La_AJL>.t ifiLj-ila^JI 1 n! .>.**. ^ jjij-ui-jlal ** rt ^J^^ se rt I o j 1 

^ I ^"i ( ,i| 1 1^3. ijr ajL>. ^_^JLc ^_2_JI jj-a tj^j^ ^oILa ^jLl^, ^_aj?e_a j J taj La LJLcj 
(JLst-a ^L_o2jI JU£. ^jLja^Iu La-^jL) (j^aJjLr^Jtl dJLLaJI ^1 a lr ' Oljs »j t^j n a Mill 
\1 ^".^ VI ^Jj ^j^lj a > La^ t^j n a Mill j^)-a jj-a ^^L^ ^J*C Mill ijr SJL>. ' w ■ ■■^1^1 ** ^ 
J « a J I mi i" Lxjj L^jlj id j mi a Mill J-SjJI (_Lt3 I uuJ ^ i .nt-iLLiLl.1 JLsJ,! (jLi 
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CjLaljjJ j^!j_a L^jl i eaxj id J i a a i"itl J-iJI ' iLiIail (J-Ajtjj ^Ll2J! J_t£.j 

aJ-&> ^j^uojj Ciljl » 1 1 ji jJLr»J ! 4^j_>J! j j laj il Jjjjfu i— 1 I^Ja-Ja I 

^ lII (Ji-1.5 (_j.II (j T L$jL£j CjljLiJI jJljj Ij& i^JljJ! 
^jjQj Jj iLbLi (J-ujJ d j i ii a ut\\ J-iJI JJlc (jl I i eaj] »l a U It ~ i eaj| JL3j 
1_)!>L>. i^jVJ JL>J! (^Jl (_£>i-t 3j-a i U j g-j j<u i^j-i^a^l Jls. (__,]! Jl»- jjji 

JjJl«J! j j laj JL3 SjjjiJ w . ^.aVI jl>J| j_ul3 . Ljjj_Sj LaLc I I L&jl jJLa SjLa 

La^LIaJ g. 3 j ^Li (j mi uJI (j-^j^ J^y jls L^J ^j^l jl>JI '^.'^ <j-° 

SjjJlJ <tla_uj-a 4_lUdj I j-A^ali SJlC ijJLukj . 3 Jjla £_uLcul (j^- ^-^J-* « 

( iljJaaJal 1 ^ 1 < ^. « (jr^l ^ j i hjI^LulII L-d-Lal ^ojlJI jj flla I j i tdj i no i~M1 *JLJI 

4jj_^jJI O^Ij^jI j-U jjp La£ itLSllm^UI j 4-up^jhtl .-.VI , V.VI ^ 

(j^Jj i JjlAJ cl^t_uj IjJJL^a j^paj^/l jj-* jJ^LlLJ (j " a uill jj9 JJLu 

£^aJL) i tat 3IL> VI L^J ^J-L* 4 lj 3j i " rt Li-r»o u <i '"itl w 3 u ^jl (J^>«1 (ly 3 ^ , ^/ j0 

-4_uiL>J! VoJ I i eajlj ijji-l jJ! (^yJI (jiLiSLiV! (j-a jno i"itl j_Laj La dJLut q\£ 
dij-uu^j jim uJI Cjjl?e_(2jV-.} JLallll jj-a jml Mitl (Ji*1.i ^j>.QX1 jLiJI ^_La_l ^jy^-tl 

I ^3 \ V^Lju m o iTi 1 1 ^ 3 ij i L»-a ^j^La-JLJ (^G^ill (jl J-a^l ^^IjJ 

Ji-ljJ! (jJ! (jiLiiljVlj i^jLiJIj ,_L>.!jJ! (ji.LuJI JLiJI ^Lajii! j>u 

-(_^oj-uSLII Cl^j tfLual ~^~ A JJJ ' gajj (j n a ( _^-£3j^ 4_*_ulj^ J_t£,j . 4_u!iL>J1 ^JjtAj 
tfJLA J_H_a_jj ' ' ga 1 1 I ^ ' £ ^J^* j i n a mi d Luill 4_Iajv^La ^jSLa-i 

l.-|"l UUJJ ijP-^-" I(_y<3^-2JI ^jL>- ^ J 'j-'- a jlj^ tl l^VI ^1 4j>Jj_til dim IV! 

4^.LcaJ! ( _ ;r 3 J-J-a ^Li£ QajJLa (jjs t_ljH2j 4jL*JLa CjLcj_<jiJJ CjL*L>>jVI ( _ ;r 3 



pLuiJI qo pjlc 



«lj^>-VI <j_o J La-aJL3 JLS I J jf Li£ i3_ujjL VK oil 3 i i ntVI tfjukj 

oJL^j 3£jlxj_o CjLcVjjVI tfjLA I."' i njl 'O " " '"'^ O^J^ 4_jiiuJI 

. jILo ^Lj^ (—kit 80 ijr 11 sLcLajjl i la i "j" rt ^j^SLjj i4jLjj-*_u 3^jj>. 

^c-a \^Jt^ ^J\^j-u j^Luj LLaj 
Spectro-Heliograph u , .1 a uJI 1 aLUM jl^>. ^.LJjlJI ^ jLa-"i i ,m Jlj . ,itl Ijla 
p ui-Sj^ . I * j ■ La sjJlC L^jLj^SLoj -j-u-<a-t-*aJ 1 cL*_u1jjJ aJiselLuU 

jCU-i ^Spheres ol La j sc a olJLla ^1 i^j-^Jl L^^Lcj jmq miTI «.Lsl*J1 
- r 1 Lea all CjIjJLo ji_jSLI1 ^^J^^Lo ^1 ^J^' 
j j^t iC-l^jJLJ! JulC jl J5 J) j-tlaj 1 ^Lal jrio Mill (^ssjJs ^1 LaJ_t£.j 
^jJl^JLj 4jL£j iCjUjUlIlj CjIjUupeIJI (j-* ^L^JI (j_aLoVl ^ se La ■ LJ 

La ^JjJsl <i MitLfl lj&J ^jjL>- VI J^l^ll ^ (j-oJ Ijbfc d>^i .<j^L*lJ1j 
CjLoIj jJl ^Jj-il JufuV ^j-i_u_aj i^l j_a Vi ^Jo^LLo j-jIj cJ^^ , ^ - ; >fl (^1 

p_a_>JI j-j'jijj ^ j ' iijULulII jjlIIj t^Lc^lj Spurts cjLlSjCJIj Swirls 



(Photosphere U^Uf 4£nWV) jNirt^i^UV 

i>JLA * J-*-* J-Lt^ 400 j^jJI jj>. fiLa^c ^-i-JJJ jjial] ^-tTu-l 1 ^>.jL>JI $.j^>Jl 

Lot iSLjUtt ^9,9 aj-jJL^ II jJLj 3jj_^.j_L1 cjljjJI ^jlc: jj-o ^ 90 

. ^-u-c-tTuJI ^-La-uj ^Ll>o ^^yllJI dijL^JI CjLoIj jJl dJJj 1 4-L<-u.c-t-*aJ 1 ^_^_J1 j ^ 1 

f^-ut3- -j-ilc-Jo] 1 (jL) (Jj-^J Jl OJJb (J-t-iil (j^- edLLAj 
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, 2 j . U s 1 1 jjJaLU! iJ s sU^. i3_ol 1 jjJoLLl.! La Lc^j £j-<-ul o'jJ^' 

i(j ii a i"itl ^la i ■■ (ji^. CjLoIjJ Cr'l ^-"^J-"-^' (jr^ '■■ 1 .' ' ""'-'J 

SjlaV 1 .i j jn i .ia2a.Hl Granulations CjL-ujJI eJJt jJ-jjj • Oj^' 

JJs I ^ S j l '— (jJal—La I j Lu J ' a ijHa ^Ij^ I 500 ^1 300 (j_a ^ I jj j La 3-1 

4 ^JUiluj j^-*-^ (J-° cJ -4 -^ » (JJ)^*^ (j " 1 uJI (j-* Cjl_3_ilaJ1 

1 jj'a J 3" m 4jjjI.j S-ji^c LtlJj I jigJ 1(J lr I ^1 i ^r.CVI 2 ^ . U 1 1 J^Li. 
. I j j i ii ) jj_i^M (_gaL<JI i ii U <.{jpc-LjiSi\ JAjj/^/I i ii U (jjs 3j!j_>J! 

2 U , „lj j 4 ; j-t- 1 1," j<ij (_gjJ! ijLiJI (j_o SjUlL^aJI 3 J nr VI VI CjLujjJI Laj 

jj^j Sj^IjJIj LjLtl JJaVl jJaLU! La! .^.bll 0 „ n £J| ^ 4^LkJ| 

1 t— j j j 1 1 jj i hi JjLj jLc. (j^. 3jLi£. (jrd^ i^>i>LuJI jLi-H (j-o Sjlcl ■ all 3 JUi£.VI 



Reversing Layer <ba£Wt i 

cLJLjlI 4_U3_A| CjI j ^ ±j n ill l_AjJLt-£5 ijr^ iCjIjILo ^LjSDI <^-)L^-a 

oljjJI ( _ya\ "I 3 j I q r (<C13 (^jJI JLaJ.1 jl 5 fl JaJI L^jV idliill 

- Laj la 3- tiUIi jj-^ ^—^-^J t^j n o i"i 11 w ' ga 1 1 ( 2i_x_LaJ1 jj-a ^j^^ ^-^jLS-j^-^?^ ^ 

icLt^L«JI ^ fl-daJI OJLA «Uj/IjJ (jjjJa . 4-u-mlll L^jJlJu L^Jj ^ol-Laj a V I 

3jjLa_iSLIIj 4_uLjj_LaJI CjLaoLdl (j-o j-uSLII i_3o^oJI (jjs liiiaJI cl nlr (jSLaj 
Lg-La lj i a Ic 68 (^1 j^>. w I c (_g L^jLjj i(j u n i"itlj 3.}^>.jJkl j-i^Lutil 

(jjjj^LJIj j i .I ILSLIIj i^^jjSj-juJ] j i ii^jVIj j> jll j (j\j>.jij ju^JI 

ilr t JL>.^aJ A i n^LitJI ^ 5 JaJl ^^y^J . j^^cs Lt-£5jJ I j JuJl>JIj jjjjLtc-lIIj aj i * ^tlj 

JJJLS. dJLjjt I iljl 4j| J^jJLl JJJL>JI (j-OJ l(j il H l"lll ^jjs 3ji^>.jJ,l j-i^sLlkJI 



pLuiJI qo pjlc 



^ S daJI jjiii nj-aj|j£LII (j-Aj 4_JLlI! ^ S tlallj t4 2 ila.il tfJLfli £)\J 3j_L4-« sLL^jLs 

.%UI 

(ChromosphereU^ttt "iti flit) 

t Ij 1 r d i n ^L»J1 d axial! fiLjJLlII d n • j-J-oj_o^_a jj^LJ 1 ^_*_o 

jj_a Lit J l" i ii " (_jH!l ^-i-Dj-" d »J-Laj| dJJj (j-a d J 1 i n"ill Cm i n'^l JL3J 

Lajux. i(j ii n i"ill (_ 3 iSLI! i— i u£L!l 3JL>. ( _ ;r a <LajJs!j jJ-jj (j^'j 'l^ 1 "^JU '-d^ 

- La-ije 'j -i^l ^Ijl^^ jjjL_u^aj)j^LJI d 3 ila JJUH£ iq n a i"ill jj-ajJs j-<jJlJ1 

. *Ljj ^ i<-i a JjKI ^Lj Sjjj^s J <j t\ij (Jlaj 

j-Li£ i_iJl 480 ^l^a. Corona < ui II ^Lj jl JjKVI I jut (j <r 

CjU all! I n i n") iLjJa oLslijjl Ljla Jjlu JlSj 4_aJillla O i int La jU-lT^ ij^lo 
^Lj (jj . (j ii n i"i tl 3_aL>. ^J^i- 4_jjL«JI sULjJa-J! *!jj (j-o jj-JJ '4 i i nt^fl jl 
,jja ojSLa jjtj i Upper Atmosphere i^lt LLlII «l^>-^! ^ j«< uJI 
^Ljj . <1cLjJI ( _ ;r 3 jHo _jb^ Uir!^- 0 ' ' c^' -J*" ^ ' " 4JLiiIa CjLijijjSLII 

^SLl-l (^^"^9 4_l^t^s_] Q n t) Mill spools i<L)jL*J1 CjVL>JI ^3 V jml Mill 

,jn< Mill ^Kll i flj i n'C II ^l_ut ^la^j gQjutl ui a 

djlji (jLi i^LlaJLi <Lu i"ill (Jji^VI I JUfc AJ^J lLLLoJ! »l n If j ■ 

i Ll£ <L) i,*l i n a jn «i i"i 1 1 j_tls jj-* ^j-^ (J-axoJ d A 1" *w t, | Lul! I 
ij-j_4-a ^j^J JSLHij t^-tls Jj-ojJj IjUjJ ^^-23 LaJLt^, 3j!i ^J^J •L^L)-^' ^J-* d 2 1 taj 
L^S^Ual joJi I j . ^ I . a] " I jojj cLSjjJaJI i>JL^J jno i"ill 4^LLi (jLa (jDj (jy^-J 
J j I ->o i aLxla-tl d ta i "Ijj (jSLxjj i I j" i au a I (_^l!! SjjJI J-jUa I fo"^J l£ ^^ 
(^ylS-tlaj-i Ljj>JI »j-uJ-cillaJI »l nlr (jl^ Jl^j .4jjLlLa (jljJl ^1 ( J T iK'^! 
■ Lsj ta-a«J I C^jL^ id i i ii ^ i ii n mJJ-o U'*^ i4_o-Ll!l i>JLA ( _ ;r 3 ^jj^ej ( _ ;r 3 
U I r i_3jjj(_a J-J-C JlJJU>. j i^i ir (^1 (j 'i n i"itl (Jji^l *lj_ilaj>J! 

jj^-!j-jl t_g J-jJ i ii II ^oJLkJI *L>- (j-^-Ij ' (( i >i- 1 jUJ^) £ ^-^' (j^ 3 ' 'O^J^' 

JljJ_>J! j i a * c (j_a 4_jjLc ^liljj (j-C 4_><jLj i r I j '*---- 1 1 SalajJ I ^1 <jl-^ 

3-jLx_<j/ (Ji-lj 3ljj 3jLc (jjSjb jljjl>JI (jjjLa . LjjLj^pSJI Ljla 



. 31jLjJI Sj!j^»J! oLvjj ^ 

CjJljK-J La IjUtJ i Ll^pSLIJ 13 (j ii n i"i tl JjKI J_jJLr»J! Sji ) S flJJ 

«L>-jJ w I c LUjG i4_j_j-3 4_j_jj.}Ij Ciljl ui\ J-ij/jj JLjJij>JI 3ji (j-a A£.yjjX\ 

. (j ii n i^ill JjKI 3ijLjJI Sj!j^>J! 
cjljLjc-ijV! dJ_LJ <■ i j i ii _i i j—lojj/jjs jj£L! I j Jji^VI SjIjjs. £ i^>-jJ jjjjjj 

^ d J ij^ptjL^. ^- l ^jv j^' (1)' * d jl~w1 jjl CjLLlLsJI ^3 CjJL>u 

i .ii" ) »^.U", , „',j i4^t3^UI 3jlj_>JLi 4la^c_a 4ja^ nc ^^JlL (Ji-I jjl (j^ 4.JJ 
( j^a (jj-La ^_Laj_o CjI]} (jj-^J J^' ..j"jAt1 d ^ Ja lO- 1 tl)' O^^* 

4ja^l of 4_il^>.j|jjLjjt 3ijJ^ jL^tAj^ jJLu Ljla J£j . 4jaljJI j^ljj.1 jl Lj^ijJ! 
4 j i ii n i"itl j^uLuJI aJJbj . j-J-a ^L»^ 800 ^1 I U a d . 3jux-« 
.(jiiiq i"itl (J-iA^VIj ' "J 3jIjj>. <L>.jJ jj^ 3 

3_}La ' A, ) ^" a i(_3^jL-a j j c i a ** * ' 4JLJa l_jl_o*i J3^J Jl9j 

^3 ^j>.Qll jLiJI jj-a (J^-*-" ^BJ-t-iJ , jKVlj j , „j II L^JLjj-Ls J) mi" 

liLclajjl <i£j^. ^ jLiJI I jbt jjLIj o^Jj .otj^-a ^LiSLII i_aVT (j.ia Mill 

lL Lul£VI (PI t^-L^ 3 j "' j ULulII ^1 Ja^Li^ 

3j|jj>. (J^i g> S La * ^ L-4-i!j t<La-L^aLc ^ S La * ^ Ci-ui-J 4_u_u_<i_lIJ 1 d_»_S_J1j 

da-j-3e-j l_<j_C J_i Ju_lL ^ ui-jJaLuLiQ jJL^t-a L^Jj-ju 4j_}1_A i L-^jl (j-* 
i d_i_j_t£. 5J L>. ^5 cLn-u.<a-tTaJ 1 ^ * a J 1 (J 3 ^ LL1 (3^-1 J * j-J-ij_u j^J 1 «LiLa_La 
5 ■ ■ , „ a -2 t_l_J| J^j^ jj-a-^jLiJI ^1 jJjLu jm uJI ^ 4^LLaJlj 
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i_>J!j CjLjjjj^-J! I i eaj I Lx-ijj jJa£ tj'io '"'tl 4jsLLa J 2j u V <U^iit3 



(^jtj iSolar Flare 0 . i £J\ jj>-Ll!! ji j-Aj-II «Lj^ jJjj (^jJI (jLSLU ^Jt LUaji 

j ^ «L>.j_i w a a dJJ!i ^j^SL] La j-_u^j- L^jj 1jj>. £j2jjjj 4_tijt_a d 2 La * rt 

u a uill a LLaj 4^j-=*J1 «L*jj-*_u C)l a j < ^-(-) La-uioLal ** rt I >lj La-Jal 

£JLA jj-a (J-*-a_j Lo j-u_c_j (J^-uJI i^L_ujVl SjLjIjJLo CjLaL>o1 tjr 5 4£j->J1 

jjjlu ^^^1 ■ La Sj-ijSLII Cj L*_A^HJ 1 j .(^paj^l 4_o*Lj ^ 5 1 La * t J Cj Li_u_u_>J 1 
£-A <Jj>. 1 jGj 4_J j_^_lTu-1 1 d) Lc-L<-uJ>J 1 jj-* C- t^_*-u J i Cj Li Jj-j-I I (J-* f ^ ' 1 L^-t-* 

^.LiiiJI ^Ijij ^ 1 r ^jj U JSLi3 U£ l l) ^>j\1\ ^jJL. 5 j<1 , r.^Ut '-.VI 

Cjj Jl_>J 4_i-aj»3 edl_LA ^ji^SLij i3 jJL*_a 4_u_a_jla LaLa Ci VL*_4-i <l ) j se i *a ^ 

Ol <ij , ,i^JI jj-a er^ J jJ-u i^jJI J-«Vl ^LLaJI ^ ^IjL^ 

CjlJu-LaJI ^jltitj jLiJI (jl ^Jl j . c_)j-La_Ua_a jrLj-A 5JL>. tjy ^ .1 0 (j-^L 
^j-SL^-i i-A JLi c j ' Q J ^ ' ^0 4o_u-ia_Ll dJLilaJl ^Jl (J-t-aj ^^ylLv (JjJjlj ^^^IlI! 

L_uj 1 Lea * Cj LSj ^5 « ^j-LLi » j LftJ lj . Li_a ( j_u.<a_tlaj 1 Juuaj-j dJJ J 4_ijij 
Jl_SJj >^_iAj ail ijr ^ j^tluTi-uj Cj Lu-taxJ La ijr <j_i_ujj k jJLq (—kit ^t-i 

<J1)Jlj>o 4JSj-j?c_ILX 1 CjljLJLlI £JLA ^jLi tJj-^J 3 jj la * 1 Lillill »La_Ll * ^ J_Zj 

^j-j>.1 CjljLc 3j— w ^ ' cr-^I L^_aL>o1 ^LljI i^j-^J i((4_uj_ua>) CjLvj_4_i 
oJ-t-a j Lo 1 !i i LdJLc ^ 1 4_u j-uaJ 1 Cj L>. j-<iIl1 1 (Jjt^t_i 1 JL&j i L^j ^ t U. , ^"j 
^_<-oLj t-3j-«-j (^jJl ' ^ ' * tl jUjLti gj-UI tiiJj jJjJ irio uJI er'l 
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CjL>.jj»HJI 2jj la ' jl i a )! (^-Sj-ji.VI CjL>.^1! aJl&j i(a| Jllaj aVI CjL>.jjs) 

3jljJ>. <L>.JJ £^Lo3jl L (I I 111 (jy^-H w .."j ' ^ ^ ' 

^ I r ^Lt3 S-Sa^jl! oL^j_>J! jl '.(^Vl J ri III 2jj la III a'jJt, ^1 ^JJJ 
CjLcLojj! i^l) (j ii 1 i"itl (j-o (jlri i nil sLajIaJI tfJLA ^Lu (_ 3 jJI CjLcLajjVI 
mJ jJI £_$-iJ! (j-o J-^l ^Jl (jy^ i." i i in I i (j-lojj/jjj^J I J-" 1 Cr^' (j-^ '-^j-' 



(j-^-oJI Sj j< i <■> (j n a ui\\ C^-i\£ LajJx. m^I 4fiLu_o (j-U^Lj ^ JLJ j' 4j^Lj J-La 

J-JLi-a t (J " " |"|T1 OuL^ (4_U_0 (j-U^Ll d I n ijr II (jVI Ltfcj-aX. £-Lu) I lj< I Ht 

(jjj-S ^-j « i"iV J^-j-se-uJI ( _ ;r iJaLU ( _ ;r 3 (jlajjlj JL3 4 ( _p3jV! l_i£o-? jl Jj 

(jjjLj-otj . (jVI 4_1 ( _p3j-jLLi La_a Ij-J^ J-tlul j JuL 4 LaL>. A * Mitj (j3e uiAJu 
(Jj&x-L^aJ (ji (jl^-a-i i (j n a Mill ' aj^SUI d 3 Ja JaL4uij ^ji oljl u£ VI 

i hjULUlII (JL*-aU isjL>JI (^yj^jj jUll i jm^aJL I La yj " JJo 4jIj (j-ajJI £-a 
L^_il_3 4 Lg-jl j i'ii ^LjI Cj_iL^ I n l"i a 4jjjs Jju j«J (j h i >~« T 1 (ji . jm i"ilt 

3jH£ Cj^ a" i ill Jal mi iTLi 4o_jJLa 3Lo* l_A*ljj Cj£j2 (jt Jju j 3j i rt jQj?E_tl^ ^^^L-i 

(j-a 4jLil ^jjs A i u-aj- ^1 3^e-J 4 L^jl_o~ 4jI Ja J_La jm i"itl 43jL2j3 La j jJLj 
«Ijj>. (j-a fiUQSLI I (j 'i 1 i"itl <■" i j 1 11^ jjjj 44jjijJJI Cj^LcLiUll 4j*_uj I glDa 

Jjal laLUsVI 4>j_ik (jSLIj u*-} o-" 1 '-d^ j * "*~^ La 

|j| 4(j ii a i"i II LiLLflJI «LaJLc j^jILii (Jj-SJiI (j ii a i"ill J^laj Lai . 43 JlSjS La-a 
^j-\J>.J)j JU4JI ^j-a (j-IiS (ja-tla 650 ^jX, J-jj-J V La (jj^-^i (jr^ jl^ a"i < nVI '"-^ I lall 1 ol 
mJj^s-I 3jH3J SajUaJI ^3J3 (JIa3 (jl-j-tlsLsJI C^aJI ( _ ;r 3 (_Lt-33 Lali-4_uLlII ( _ ;r 3 
^1 J^tU LifcJiJLJJ 4(4_L4j/ QajJLa <_aVT 4 1 n n-^ 4_L4j/ (j^J^Ll 5 ^c-i LgJaJa 

S^LLs 4jl)jL>»jj .^jLSJI < a all (j-* ^ ■ alu 1 Lal^ 4 ( _^Ja_ui J-*-^' 3^ 0 c 

^J_ja_>o (J^Lj>. 44_jjIj-_>JI 4_jj^oJlII Cj^LcL3HILi La (j^" Q " n '"'^ 

i—Aa ( _ ;r 3 Jjiptlll lLL! j L^j jojj (j^JI 42jjJaJI i_3j_*3j . j I it ^1 J_i^JI 
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.Proton-Proton (jjjjyj-jjajjjjl 3 1 1 ..1 1 1( j a uill 
^jjJjs ( j_c ^J-jj se "itl Ltiajt L#j (j£La_i l^J-^' ^-^J-^ 3 ■ ' ! LilLLAa 

(jl i<L>.jj Q^jla 20 (jJ\j->. oJiij lil iQ^jj£L!I 

i<L>.jJ (jaola I 5 _oo- jJLlj (j ho i'iII (Ji-1.5 «!j^>.| p k» a Sjlj_>JI 
CjaJL>. (jSLIj i. Lca_uluj 4_j_a_Al jii^VI (j^j)j»j-(jajj)j»jJ1 Cj^LcLoj 

(_j_3 J_i V . S((j^jj|j_i-(jajjy_jJ!) j<u-ul (jj^ 3 ' lS 1 -^' lSJJ-^' (J^.LfljJ! IjUt 

(j^o i(j ii a i"i 11 i_J-3 SjljLcoJ! 4jjjJl)I <_3jjJiJI (jl <_Sjju (jl (j-a SjljuJI 
((j^_ji_a (ja_ji-a) (j^jjjjjj (^Jl (J-t-£U lIqjlj '•*•> j i«L>.jJ (ja_ji-a 15 £-Lu ^J^J- 5 * 4 ^ >, J-^ 
jj i aj (J^ (J^ ' 0" " j" ' 1 " ^j54 = ^jJl) ^-*i>t' <J>^ (j-^ 3 

. 4Lt jdll i_3jjJiJI aJJt JlLa LuL&ji (j-a (jl I ~"~ I taj ■ (^ (j info . ^juZn 

(j_a (j ii j Ij . L^3l_jj|j_lSLII (j-C 4_Li^a_fl_La Sjjjj oLlajjjjJJ '">J^>- ^^JJ-^Jl 
nj-li Vlj iiJ1ijJl^>JI 4jljj_<j/ Sjjj-lI! Cj^LcLajJ! (ja£j (jl (_gjjj_UaJ! 
a I i U , I j & wJJ J*~ ^"'^ w ' a SjJaa. (jj g I i a all ■■ i uJI jjl laj 

Lc.jij_La i(ji^>-jj ju_a Sjj 3l^j ,j£. 3jLi£. j-flljJ! lJ £ (jjjjjj (J£j . (j-ujj jij-i 
(jjjjjj + jl>.Ij (jjjjSLII = (j^jj ju^JI 3jj) j_o-^JI L^jjjjSLII L^la 

(j-Ujjjjj-JI . .-."II .'a .Cj^LcLoi 3j^. CjJLao jj-Ujj I (jjJLA JlLa ^LajJLij 
^LjJ£j i Deuterium ^jj^_ujjjJ! (_gl (j^jjjj^ll (Jj2lll jj^'^ Si (jLySLj Lla 
(j^ <i i us. ^Llljl 4 hx i"illj 4^r»JI 4^lli (jiijLa (jjs I uilj iaI JlLu a VI I JL^J (^yjjLj. 

.Positron (jjjIuj^jJIj Neutrino jJjjj^jJJI : I n it (jjjjs-T 

' 3-^,3 1 4 i mi ^ I 4 1"K cU (j imT (jr^^ ' iS^) i n^. ^-A ^_uj-j ^J-J l^j 
a 'I l al] 4je-u-c^-4jl uU Jj^aa^ ij^' 3 ^' (jlr (jj^JI SjLa 4jI jjs J«~ I A'.tl 
jljLci lLII—LAj - 1 Lta-aJ I jno i"ill 4jj^ LSj^ieji jiLaJj 4jL3-(jUjjj|j-JI 

Li^ (_paj^l (J^L>. CjI ^_Ljj3^_uJ I i>J_A (j_o j-u£j i^^e-Llt (j^_i^Li i lil alse rt 
3jLo (j^. SjLj^. i Li^J-C La^ i (j^pjj^jJI Lai . Jlajvj^s J-i^ Lu£j^ (jL^ ^1 

La^(j_J>^!^L9.SjLa 
jj->o Jjuj .cLowj_a d_tre_iIo (J_<jj?ej d_tSLlj ^jjijUSLII ^-^3 QjjjJljj^jJI Lot 4<l_JL_u 
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q^jSa&J^ Li ■> J La i a J 4_j_iL\I! (jjs oAj i^LilLJ! 4 Ise i"itl Cj! j 4jjL«JI 

ta >JI Lai 2 U tl ( 2^ J o a J aj La-^-lc li^jujjj L»-a ^LuS/^LUi i(_gjL«J! 

^ i ' aaj a ij^>* I Lojjij-j ^ jjjUjj jjl 3 1 a *"' 5j tilt-o-. '(J',3- 1 ^- L ^ aJ ijr^ 
J^LlILa (jjjj_3a_j_i ^^jJJ CjLlajJj_iI! iJJLA JL>.| Ja^tijiJ i L-a CjLaJJjj Cj^Ij 
I uilj La£ . (3-^o_lLa Lj-ilg JjlLu) a&_i1^U 4_a_L<r>. 31 ^oj QoSJuj Lse i"ill 
djLcl < uiVI j-i^aJsl-LaLv 3 < ui? tajl i,Jc.LilJI I ^ JLjJ Mill jJJtji! 
JUj-U j-jj^o I JJt 4^t_uj LLa «Lvo_a (J^ala 4_j_^ijl^Li_aj)j»$£LJ1 

■ 3j a Mill 4lLLaJI (j^i 
(J^LajJI (_gl) Qajjjj-Qajjjj-JI (J^Laj d V> i nl^j j&ij £ Lj-iL (^^J 

Ja^tjj idJjSLJI (jja (jJa LT^^La 5 (^jLjij La JLfli £_a ^jjl j II jjja (jJa 653 
cljLLa 

4_uj_ua CjLjjj^ (J^-*^ *(J " <i '"'^ -1^ <L>uL(J1 4^LLaJ1 JL>.Ljj . JLoL>. j^a-ul 

^jj-j l-p j i id. ^ ' <aij < * ^-ifull 3^ " *^ ' i - JLA 44^LLi]1 
1 g , a \ ^Htl 4^LLaJ1 jj-a ^_n-u->J1 <a 1 sell ) 4_uI_l1! ^j^>- ^^y^J-SjJ ^jjjIiSLII 

^jCj-ILij 4^_j_i_u^>J1 jj- 0 4jL*_u1 Jju ^j-L^aJl «Lcj-i_uj ^j^jj^JI J^HaJj 
J^>-T ' "> d L^aXq-j La (jLc^ i 4 Ij^it^ J t"in V 4jL^ ^IjL^JI 4^.j-<_uJ1 i?J_A 

4 C_) 1 jJ, i 0Lj^_lLjJ ^-lTuJ jCJ (JJPjh^' (j-^HX-l lLUJ-IJ ij^>"l (jj-IJ ^5-L<-uJV jj-* (J^J^ 

^j^Llj 4 ( j_4i_<j_4lai 1 ^ t-% , o ^Jj 4-t-uiX 1 ^ 5 i taJl ^j^jj^JI (J-t-^J LiJJj ^Lut ijr^J 

uitj^elb V (j^jj-flJI (jl 4_jSLlflJ1 CjLiL_u_>J1 ^ ' ^ JuSJj . ljL>. ^ La * 4_a J_Zj 
jq_j_4_u^>. d * ^ u a * ^^ylcv 4 jTl^-llliuJ 1 Q-a (_iJl £ya *j^>- J-*^^ 1 " ' "J** 1 ^ Cr^ 
V L^_iLs «Lj-j1 J Mitt I CjLjjj JjIII 4^j->J d jju iU cL^e-ujj . cL^^Oal J-J-^J 
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A ajjaJI 3j!jj>. tjr^^ O " " '"'^ '-. 1 ^ *^J J 'j-^- 1 (J^J 

(joSjj 1 1 j"al U ^ j i aaj ^jLr»J! ^1 cLaHaiXI oLjjjojJI (jLfl . - j ■ 1 1 d < uJLl 

(Jlt-a- T Lj sLajLilt (_^3jjLu (__,-& J *(J u a t"t\\ ^_Laj_o ^Jl 4^LLiJ1 * 1^ I n*MJ . sUlJoXI 

»l aUtl j J^s jSj iCjLijj^a ' o^i p - ' ""?* (J-° L^Il2jj! ( _ ;r 3 

L7 £J 4 'i 1,1 (j>J-Lo Cr-">^" ^j^J '5jii-!jJI 5 aolaJI ^ iLi/Lill iLsLLJt (ji 

(_jjlj.il! (jLtoj^l (jlS" Laj-i^. (j mi ."ill i_Aa (j^s L<iu Lxjj ij-UsL>J! ojsaJ! (^ 

4j*_lj_i t(j ii a ."ill (^ L^jjJLs. liliil! »l o Ir J-^<MJ cH^' ''jr!-*-^' " 
j a" i ,i a ilaajji ^Jl jjjs JLl V liJ^L^uV! dlli (jl (^J^l 4I&3IJ jJUj JLS 

I ! i ii a i"i (jlj 'OJ^i o' "-^^l liilAI! »l a lr i_jLxjI (jSLlj '<j-°j-^ o 

3jj!j_>J! "tjjijiJI cjV<ptlI! cjLcj_<j/ (jl llL! j . ^ (J^ j^a! ^Jl L^Sjjj jjljlb 

(Jj i((_J^>-jlj J-jJ^JI J ^j) ■ . > a J ^ I 1 1 J ,^;.tl J l \**^\r- i V 

4ji >Lla LLUsjij I jla .J^Lill! (^ m i ^pJI 3jIjj>JI (_yk: liilaS" 

LjLjiX jJ^t (j ii a '"itl jJljjj 5 J ui i i n» j^a^oJI (j^s cLl^LJI 4_lojJ1 

(j ii a i"ill Qaj' •«_>3.T Ja^aJLi U jla^s (_, i n a i"ill «(jj^J!» (jlS" Lxjs 

(jjSjy (_gjJ!) ^jjlj^'a i^LujI/'^! ^ -» I < v. « 1 (_ T 1^. cjljUJ! Sjj^ ' ^l"-^" j i" mXI 

^1 , ^1 (jjx, 3jJ^ JJ^' ((j^^JU^rl^' ^LajjV 4j*_uj jm i"ill (jJaLi (^ 

. ^ ,i a i"it1 ^eJauui 3^eJ L^jjjjJa (^^ j-J^t Cj Li^ * i <t i(^j^_Ll1 (_^j1j->J1 
gjja-m (Jjj Lai^ i^jjl it (^J J^tlj (_gjJ! (_^^jjJ_l^J 
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tjj>J\ ( _ ;r 3 4^aLtaJI (<^lj-j till i V-LAfJ '^j " 1 m (j-^Lu 42a-pJ,l '"'I flglaJI 
^LLjI Jj-«-a 3jIj_>JI i>-jJ ^ SjLjj ^1 i^Jijj Lx-a t(j . 1 <i i" i lt i_gj^j_U 

oLjyjV! Mill ^U^i/V! (j! 3j<liitl oLiI i m->JI (>jjj . IsLtaJI 

(J^sLlLi 4jIj . jLoJj! (j1^>-j|j JljL^JI * *1 i'ijj LaJiJt£. 3j_a i—ill JUj_uj/ 4j|j 

4 nnii jim Mill j Ia3 ' d < a * JLiljUj t(j u o ilitl ^3 Sjiojk ^J,l (j-\j>.jj JLl^JI 4_ui^ 

4joI_lI! iSjUJuSJI 3.Jj|j_jJI i_u i .i t (_p3j^M (ji^- SLpJI w j" (j-a Vjjj 

»l LaJI L^J jJ-2-a (_psjVI (ji^- SLpJI (jl JLso id j i n i i"ill SjsLtaJI a a ' (j-a 

^Ll>. ' *j j 5 j LajULc jn ii i"i tl LajJ^" i n (jy^-J! i4ijL^J! 3j!j->J! l lj-uu 

SJLo (jJL^J! ^1 < uiVI (j^s jii^l Jjjlaj u nig Mill ^Uji/Vl . I *jj taj 

'^J- 5 o^l O^J^' ^Jajai Sjlj_>Jl (^1 {_£±£j-t-u iSj^a 

j 1 n U Vl (_Lil>J,l (j-a jlj tCll Uj-»J.lj jLt-JI (jli'i'n i«.LU (jLAc '^•J- 5 
. 4_j_uaj^M *j ui^jj 4j^£LU d tix^aJI jj septal I 

DjJt (J!Lo ( _ ;r 3 l(_p3J^/l I II (j-l^. (j^>- <jJ^ 1 <~Ti 1 (jl < -1 » l^tl (j-OJ 

(_£ jJI-C^aJI I JJt lJ £ ^»al«-JI j»J-2j (jl (J-«J->J,I (j-a jl^ jjtj n_3jjJaJI 

(jl fl-ll j aa> (jLSLal (j-ll-tj-* Luill (j-a (^-i^-i jno^ ^-^HJ ^-^J- 1 J ' a ^ ? 
. I (jj^ (jlujij (jL^u^U jSLaj <-^p- «LajSLx (jj^J (_p3j^M (j-I^Li (^yi 

3l_L>J! j\j o~ 1 ,iV >a>T Jji 1 " -iL^l hjISjoVI ( _ ;r 3 ^ ^L>J! ^ Ji23 (Jjt^cJ J^J 

4jLc. jj'C" 1 .1 1^111.1 Mill ^1 < uiVI ^Ir tj tali 1 ■■ (^jJI 

^1 i^jJj i|jiii< i"itl JoLiiill S^Ljj (jl ^'Cliill t_iL^t>JLj tj^-iji (jl (jSLajj 

«L_j^>.^J^_j^>. 1 jj ' ga c (jl JL>. (^jJI ^Jl- 1 fiJajj (_p3j^/l ^Ja 1 3jljj>. «L>.j_} 
(_j-3 JU>.lj (jjs <-;-!j-2j La VI (j n 0 i"ill L^J^Li. JiiiJ j«Jj iC-uijJijl Ji^ L^jLa^Li 
jji^Li (_psj^l SjIjjs. 4j>-jJ J-ijj-J (<sJ . (ju>-Jj J-14JI (j-a 4jjIL>>j Lxjs SjLII 
(jj i(j n n i"i II ( _ ;r 3 4jjIj_>JI SjjjjJI CjLJLjjlII JjLii (jl .SjjJijlx CjL>.jJ (j^s 
(jj-So 1 'i (J-J 1 L-^-I j-j J «" 1 11 a (^^3 (jjSLl 4i>.Lia 4jjl^ (JSLiIu 

. SJjjJa SjILij L^£. j^j (_L^3 lajjjLAj 4jl3 jUa 
M5I L4J w 5 1 * (ji^ i(j^J>.J)j Jl-j_A (j_a L^J La ^_j_4j>. jno i"iT1 Lill^jj LaJ_t£,j 
ijJuloXI \jJt jug Mill J-AdJ (jl Jlj^?E_a-JJ i5_)J^_Ljl 4^LtaJI j si 1 a a (j_a jJLt-£i_a 
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»LuaJI qo pJLc 



i _ 3 _IL>. IjLjjjj Ijujj t ^_u_4-tIuJ 1 ^Lt-tTu^ 1 (J_S_i ^<u t ^alSjJ I JjjjJa ( j r C 3jlj->Jl 

■J ^**r * * ]j , LLjJI ^ JJ?E_Ll1 *— I (JJ-^J i (J-U-4_lIaJ 1 . . dj^dltj ^J?E_>J1 d U. , ,.j**r A » ^J*_tJ 1 

. (j^-jJe-uill 

(j-mJLi 4_]J)jJ! c^li-O". (j-a i?L-*-uJI ijr 5 mi" a jJLu ^oj?e_lJIj t i^l^aSLlI (jl 

ju>. j_jsVLs ^jJa i— ij^ i J}L>. ,j-a L^jJI Lijiaj 1^1 La! .<■ 1 1 .n^a Sj^>J,I 

^j-j (jj 1 ^— 1 1 <j-*^>> '(Jj ' ^ aCxJI (j-a i"i i t i^l ^aSLlI ^juluj Lu^/ 1 1 d b se rt 

*j-U -sLSLj V -I a-m-ll ( _ ;r 3 4fu-LaJ LLaJL) Vl-(j u a i"itl Jjlj-LuJI t-jj^Sl 

.<_i£ljSLJIj ^jjaJjl (j-u cLuj/Lu/^I ,3jlJ-^l Cr^~ *— ^J"*-" Lj' '- J 
LaJLa —I i a j j II ^IjJa^/l 2 a 51 La »l m i nL) SjLc ^5=_Lll («^>- .jsjoJI - 
(jl lLLI j (JLlLaj i_^a^LJI (j-o J-JjSLi J-^l (^^LflJI (J-LaAJI ~ i alij i ■■ 

lr jo£ dll 138 "j la ^~L$J "' 1 1 i_t£j^-3 nun uJI 4cjjijJ.I jj^I 
.jJLo jlj^ L_£lJl 384 j (j^ji-a ^J-j )-' La i ujj a ^j>»_3 (jr^J'Q " q '"'^ J ^ a L)' D"^- 3 * 
f.f_j i'r\a j<u (j-aj l" ' 'I a (^^Lajjl !i C 1 ^?-^' • c ^lj-!l 3«LUaVI - 

S-jI^jjj-i^JI 5u>.LojLjVI iZj^LcLoiU S^uJ^ i^U^i/^l ^pl j jl) SLul j S«LUal 

p i ii-r'q i_i^jSL!l Lai i<L«-uJll 4j^LLs I J jJjjjj slLklj (^yi CjJLso (^jJI 4jjj-(JI 
(^j-L^, jl 4jjIjj>.) ^1 (j-* Cj^LcLoj lLILlA Ci i "jl^ Ja 1 ^IL»_a 

( j_a ^^_L^a ^1 jl (j ii n ilitl ^.^oola (J-uSLjlj lLLIjL^ L5j < a a i>Lulj 1 jlj t4^eia-m 
I ijj J_t£.j iC-t^a^ Llxajl (jl i Lul_A!il (j^, t_ i_jJlj Vl c_t^Ejj .^jUi-a jJLt-ajs 
«Lcj_a^>J,l <—l£\ ^ (j-a j-i-l i_i-^a^ (_£ I U i » (jjs J I j n (ill i n (jjs 

U£ jJLi3 tSjiiiq iSJI 

-(j n <i i"iT1 Jjlj-LLjJI » )J^I (j-a (_pajVI (^jJI CjjJaj Ijl Lai .(jlaLj-JLi 

Jj 1 1 J_i? LaIjJ (j_La JJLo 3_JL>JI 3 j*\ liill j_JaL<II JUj! CjI •'■*> jLtalaJ 
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JpLIu ^jy^-Il ^^ae_Lll i—sVT JlLo t»l j i<i Sjjii^i L^ jug i"itl ^£j-u-lj 

(_gjJ! n_gjij_iJI (J-cl aXll ^LljV (j 1 -^ 3 ^ j-lc. I j ilaljJ 3jIj_>J!j . Ui , Vitt 
■ La 3. al J La i a VI J d_t£. j-JJU La J-^J ' Lg-yLjj CjljjJI j»Utl!l ^\ (.g-ijj 
. ^ ; . tl JjjsbjJI cj! jUr 4_t£. (_g jJlj iHead-On Collision p j S3 i ■■ c 

^j?e_(J1 _}L*_)lj . ^llua n o i"itl ^£ CjJLar.) Li^ ^j^j^j-j-^j^j^j-J! (J^Loj Jjjj-La 
L^jjSLi *JJ ' 0_J^~* L>-5jl I jl Loj^J Li£.j I 3 J** J (j-o JlJ V <l j i a 3 
-^j n (j i"it I JL»_i-LLa p-ao * >J-^I cA-^ Lt-Lu i ntLb . s^ mi 11 ^j^* 1 «LiLi3.} i^j^SLII 

(j^-JJ Lj_L<_> (_,-lJI 5-3 1 I . 1 U (j- 0 '(J-"J jt^li^ . i pU*-JI J-^J 

Lgj-^-ao (^yll! CiLajU U J^j . 3j_a i_sVI 4jljjj/ ^a=-i (^Jjl-i) 4 j i u 1 uJI 4cjju>J,I 
j»! JlicILj/Lij L^Liiai (Jjlao (jjjJa Lg-ilc J i aje I i3j_l«_J! lilt (jx. 

.(JJjjjIjJI dliill pi^. 

(_pajVI Lg-tlg (jji-uLsJ,l (jLa i^^jaJil JjL^JI jh-A! lj_La_ij 

jLtj^l dit (j^LiS tjei jJLoj V ijjjj ^LjSLILi j! JjILj *l j-*-" iSLJjIaJI .>L*j}L! 

jLljI (jjiLiil isL*j^La 3jLa~j »l aUll j^jjI J-i3 IjJj .^_jj*_cJI 0Jl#J el . ..tl 
i_3j_jjtJ.I (jjii i Light Year (SjSjx^ail 3 i i ntl) diiill si <\\c 4 j o , nj La IJT A a^seIII 
jj_a Lcl » i"i (jl LLUaj^ ^ia i^LuliiJI ^5 jHo <-ill 300 i a II (jl 

fiLcj-i_oJI i>J-^-) £-iaJL) «llaL^ 4_j_Laj cLu_o jJ^La* fibLs (^J^-*-* p i £yz jJLt-a s j tiajl 

x 300 3_uLi x 60 42j^j 60 x 4^L^ x 24 Lajj 365 = 5-al i a\\ : JjL»3 4^1 ma 

.^ILa fl lj^ L_ilJl 

300000 x 60 x 60 x 24 x 365= 

. ^JLq j_Li^ jj^-jLo jj^-iLa I 0 ^Jl jjv = 

(Ij-l^s 12 «LoLofj 10 (j!) 12 10 l_ J&Jj 

^j^_lLi I 0 ijr 11 ^j>» z j-L^aJl ^Lt-tTu ^Ja2j 4_uj_u3 d_u_u jJ^L>. <Lj t LiJJ!i ^-Lt-^ 
(Ji^-S AjLSteJj-uiJ i _ 7 I«J1 3JiJJl>JL1 (j-uLuLll Cj1jL>.j L^j ^PaLtTn-uJ i 4jum LuJ 1 

.^jVl 
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*Lu2JI qo pJLc 



. 4_u ^juo 4_u_o 4j2 «L3 Lui-jQ ^jj-L^ t "JJ^ 1 *** • 1 f^*-<-I 1 J-Aj-jjoi-Q-uiJ 1 
j_A ( ^t"i r 1 idll j~uz ^yJI Sjj^jJI Jj^t-i tjl 1 u m i 

: <J _} Lju 4j 1 L-Lr*o i ^LlLo (j_u_<uIaJ 1 J_*_u 
I2 I0 x 4,2 

jJLo j-L^ Q^jJLo jj^_iLa 24 — 

Classes of Stars |8$*«Jt wyljJi 

Super Giants <iaM*-*J1 <3£3 j»jj>ijJ1 - 

i(,jj_i£LI! 3-Sj-U) (M^-" 3-SJL*jt!l) ^1 ^ j'CUII l^jlr (jitajj 

^J-tJl 1 Jufc filJiLal 03^)^ <— * f A ^j-^* ' n J-^ 2 -^ ^-^J 

Giants <La^t«jiJ1 (*^>«-111 - 
i La i -j**' a j-ljjj ij-c_>Jl 3jij-L1 Red Giants j-c_>J1 3JL!1_cjl!1 j<u_u1 I g-ik: 
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Main Sequence ^ uu jjLLjJI f»_^>«j - 
( Jr -Aj t 4_j_*_u_ujJ I 2 «j ; 1 1 jl d la i ■■j**'T 1 ^^j?e_lI1 Ltiajl ^ g i uj (^j-Aj 

aj a f T 1 jj-o fiLc^_*3_>JL1 .^j?e_>J!j (jl * tj U)j (j^lll ci. t-o* (j-o ^ gjl a ' ga ijr 3 

^^jcJJI £jjajc-a (j_a '/.80 ^l^*. £-Lu 1 ' (^^3 ^ i tajJI d j jlr VI (j3^j 

Jjij (jl I ;.U~, , „l i^^jcJ! 2 Utl oj^J Vlilo I i i n n ,~u LijLs-l Ijlj i LgK 

■ La i 1 1 j^La L-iJi 360 j (jir!-^ 0 Cr" 3^ I I La a I jjj 

Dwarfs |«l >)5S I f> 
Lsjcjs. ^j*_l!I jiifii t^-Aj i White Dwarfs »l i^ixll ^IjJaVI LJLc <i . .."j 
i_L-L--^-<JI (jSLIj ijia <_sVT 6 I ^ ■'^»; jl Lai? jjL==l2 i2_a££ Likp^ij 

jJLS Sj_a (j^ji^j jJLflj I j*i'al~X jjij i^LlLfli lj_i£jj 3j^j_a I (jl Lfl>j_al ( _ ;r 3 

4_uLijJ! » I j". I". * I (jjsj i*Li! 2_aK 

Star Magnitudes (t^>Jl jlaAl 

(jVj i(_pajV! (j_o I j j Ij j-Lil—til »l q i nil (jl-K-l *^>-J-5 CJjLflJJ 

4jjj_2J! ^ ^jcJjLa + n HI I JLfli ^-J^ (jr^ J-*3i O^J^' Jj> -^' (J- 0 ^ 

Sjl_i_«_lJI ^^aJJLa 1( j n'Cttl • Li^. SjujoJI (j-a LiLkJ. j^l j Jljj Lxjj L<-« 

. I J Luj Li-Lu ' " U J-J^-J L^j LseJL, ' hju taJ 
<a i Lg_il_«_t. Sjui/ jl ^^jaJJI (jjjJ j-jJlSj ^ji>-" . oXI ^ I U i r^i 11 (jl 

(jl ^jU" i .i'i V (j^tjj 23 (jJI-ujj'C i ullJb jl Sjj^>J,l (juiJLi 
^^=_Lll (J^Ls i La (JjjjLjJI jjl2JI (^^u-u f*> : ?-^' *1 *4> : ? , -''' 
^jJI Lai i(jjoLt_uJ! j jlSJI (j_a jjjjtj-Sjj^JLI (j^_»JL) L^lujj (j5»-4-i ^"tlj-l"jA^ 

(j_o (^jJLJIj i ' a ' ^ )j I j L^jLjlX Juj-lS 4(j_u-oL>JI jJl^JI (j_a 

. 1 J^£Lfl>j l_Uaj| I a ■ ^ *j (j^jj-4-i jJl^JI LjqAjl ■ (j_o LiLatl JUlol ^jljJI j JL2JI 

'.(^^JLlII ^t_JI (^j^. ^^J?E_(JI jlji^l AJ ' (jSL^-l tiJJjLij 

100,00 JjVljoiJI 



so 



pLuiJI qo pjlc 



39,80 ^ISJt jjiill 

15,85 dJloJIjoiJI 

6,31 jjIjJ! jj2l\ 

2,51 (j^UJI jJl2JI 

I ,00 (j^oLJ! jJlUI 

( _ ;r 3 Sj_a I 000 JUj-J J-*-^' f*3 J ?-'^ • *J" J ° ^ ' O"'^"" J 1 -*-^" f J-? 0 

4_JLjJ! j! jlsV! ^ j^jj i (26 , 7-) f^*-^ (jug jSs q\ (j-al jiiU I jla 

.(Jj^/I jJ^II f^j^? 0 <j-° 

= 4_£ls SjL>.j i 'I i hjLlII) i 'I i njL 1 0 3 JoJj 4iL^o ij^- <LaIa-Liaja Lt-L<u>. 

Absolute .j I U 1 1 jjLaJ! |u»l iSjj^jJ.! 4al i <X\ J-t£. (jL«-al!l 4j>-jJ ^ylz. jl^jj 

. Magnitude 

~ U , ,. LjJ (j-jj-I! Lg_jU.aU LSaj 4_U__1I jIjl-VI _.j_>_i 

q\ * JljJuSi ijjsV! ^ L__L>. (j-*-*!! ^=-Ll! j-Ijj _t__a ij^-sjV! 

cj-^-jj j-j_r__J! (j-u (jj -1 *- 1 o' v^^i • Ijjlj L__ j-kjj 4__CJj 

i*ljj_>J! ^^Laj-II j«_*--t-- _dJ_. ^aj i LJ L_.La_JI ^L__i_J! j-lj_».VI 

. &l a i nil (___) LoLc La_>_l jj_u 4__CJj i3j_a 3600 (j ii n i"itl (j_«Ji. 4_L«Ji. JUjJ 
S-uj 300 LLc: J < j j «ljj^JI Ja_il ^s-^-iJ! o-'l ti ^- s Cr^ '-"^J 

( <_ll_>. ^jl\-L-$jJt-i ^jl ^ jj*_lLI 4_jJt_j_ilaJ 1 ii _yz>\ cL_u1j J ^5 Lulc ^J" 1 -*^- 1 

u 



IS 



Lgjjljjs. -il-Sjj '-"-'tP" 1 ">^l (J I i— 3gj-*-U (jJela-uJI Lgjbii i_3jj>j joJ 

^1 < uji\ (jjj j_jJLLj Lo Lc^j j-aa- 1 « uij I Jljj \Ij ta Jab 

.3j!j^>J! 4j*.jJ) J)LojLi Jjjj' ^ * uiVI ~ j i aj Ij-ji-ij i^iaajVla j a i I 
SJljIu ijr 3 4_uj_uj CjIj-ujlj iJJ JI £j>.jJj ^miU * j LgaJl ^j^J ijr 5 CjIj-jjuJI aJJbj 

' " ' * ^"j ^ ^ i ^ i £ Lj-a ^j - ?^' '^H^i)"^ £-"iXI s J ' U w 1 la * i I 4-jLg-cJI 

, A * h >, t, 1 ^j?e_l1I d * nil jjl * J-L^aJl (j^J AjjlJLs-i L u SL qj I JlSL&j . 3j!j->J1 

2 ijt.^i (2>^J (^JtJLl JufcLtluJ ^J?e_l1I (jl ^Jt L_9^_L>.I (jl 

(jLijJJLa .(^jJk! i_kjJaJ! (^yjjLj. (j-a cjLcL*-<1/VI t (_p3j^l 

jL}-^ cr^3 Q ^J.'^ U5^' l£>^ "— ^ -1 j jj i aj <Jjj^'j J-" 1 ^^' 

. jL^_lII J-xisj ( _ ;r 3 (_y-^>- i*l Jjj-u *l ^ i ii jj-JJ (jj^JI o'jJ^I SjJLtlla ^jjaJjl 

<u jjjjjjjj n_gjj>JI Lls^Lc 3'-^-' JJ^*" tJ^'-* '.'J^ ' " .' *l 1 1f joJLajj 

Ji-g- T i- t -j t^yd-ilaJI ^-jLmiLj ^ o i n i (^j-aLi. ^Uiaj ijr 9 ^^j?e_lII c_t_ujjj Ji^j 
CjLj-j J (^-J-i3 L&jjJLi (_^ljJ»JI i> JLA j -La-Jail I j i ol ^i. ( _ ;r Lc. fftJ i ilSoII ( _ ;r 3 
i_3jj^>JLi ^ j a j La II ^Ij-i^LJ j-oj JL9J .^jjc_l)I i>J-A SjLjLtJI 3j!j_>J! 

SJ-ujia 3_Ll»ji 3^>a (ji^ L4I0 i-Sj^. J£j OBAFGKMN .4j-Lu}UI 

jl 1 imII jj-* tjj^ '— ^J—^' tJ^J * ^ J J ' " I ^ J ^ ^ d)^- 4 - 1 A ^ ^se-xll 

.^uso J)j_ll (^Jl j_aj_L3 N <_3j_>JI Lai ^^clll (jlr (0) 

ja^clILa . ^ aglaJI j-oj-II <jl-«-i (^1 4jj_LL>«j'^Li i9 ^1 jjllis (j-o J)l JlC Lj 

(j-a (jiejj/l oja^JI (j-oAj ( _ ;r 3 J-Aj K ^aMal) g^j-LlI ( _ ;r 3 ^0->>J -5>jl J-A i^-uo K9 

«Lc jj («-><-> (j- 0 3j jiejj/ j-i^l Mo ^ iLlLlJI cLc Lijo (jLa ^LjJLij 1M0 («-><-i 

<_ < inv aj -rill I d J * ' aaj tjH-u VjJl>. ijr L Lsi_l3 ^JUxj ^LUajJ-Uj N ^ A^l^tl 

t w d^ilaj I L^c a.) 
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~'tl ■ t 


3 > • ti a - t ti s I ^ 

4_u j^' 1 d d i La 1 1 si 1 )j>. 
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^jjj (j^J ^1 ■ (j ii t (j-o C^aa>] 3j_a (j^ji-a J-^y LiLtl ^_jj*_lJ! Jjal (jl 

^tx^aj Jlj ^LsjjJI ^j?e_lJ1 ijr A 3j1jj>. LAjii^lJs t^Mitl 4-se.La-ui 3j1jj>. «L>.jJ ^j^. 

L<_i-a jv ^j_aJJI JJa! j j " <" (^yi)! ij_«^JI ^^aJJI 4jL^iI! (^13 j<u 

I ^ i Lalj J Lot tAj -r itl ^e-ta-uil 1 J) 1 **m 4_ojL_oJ1 3j1j->J1 CjL>.j_} ^J£j . 3j1jj>. 
(j-SLaj (_gjJI ^j^sJI J^L«J!j . Lgli.!.} ( j\^.^jJul^1\ (j-a L&Jijjsj iiJ^ (ft t .il 



I JJ 



4^t_u_t^ i4_t!aL] ijr 3 <i" i nil 3j1j->J! (^>£- ^-i- 1 J-iJljIu daj-Lgaj i tai aj3> ^1 JjjjJa 

, P I , >. A tl ^Jj ( i tuj ^^yllJI jj-a J-^' ^jL?"^ *^Lta_i ' la dOJe * ^j?e_lI1 ^jLa 1 JL^J 

( _ 3 i>. jj>-Qj (jl (S^tlll (J^'- 5 lSJ 1 -^' U>^' Cr^J - J-*W *u ' <i J (<u (j-oj 

fO i tl (j-IaLi ( _ ;r i (jj^Ljj i^jl_>Jt i iilXI 4aLtaJI (j^ajjjij (j-a jjSLjjIu 

3jIj^>. Jjal (jjSLj I j iLsLi (jLa i4l^ J^^l ^ . "j*>j-!1 jjLdJ! (^.a La! 

^ui (j-aj LS-j-C (_Lal i<L> JaLalo-V! i_ljim I i ( _ ;t j>.jL>JI <_a^L«J! JJD (jl C^p- 
s Ja-> 4jjjjJI Cj^LcLojJ! Q^Suj i LuaLojcil 3j!j_>J!j Jjal i La « i a 1 La 

(j_a J^i <Lui£ g. t\ \ jojeJJLs I jtSL&j ij^i £jLitU 3_>j i.h'i 1 1 4jjIj^>JI 4aLLaJI j 
«L>.jJj 4 LIS, II d A h ^- 1 1 ^ i hj'ijJI £jL<jJ! Ojjj i all tfJUkj LtaJI 

J_La j»^*_l!I jj tali I dlaLCJ! 4j^2J! ^.Uslj J'C i"i_t (j-uj V i3jlj_>Jlj (jL*-oUI 

(j^SLj LLLU ^ i "j'ij-II j-jLtU! ■ Laj. j^-jj f*^? 2 -^'- 3 .cjjII ( _ ;r i>._j j^LlU 
i^L>.| j»i ^L>-Lcj i Lgjila L O^-jij^'j^^ <j-° L&jijjaj . <t\l j*. , ,.l ^Ir Sj^La 
tjLa i4j}^jJi.I (jJaLUI ^ ^1 («-*-iJI J^-'- 5 c^- 3 u^jj^^*" <_ta^ 

La i a I" se * LlAj . jqj?e_lII ^Ji.!.} o?~^ :> 'JJ tjL ^^^ A3^3-^ !}La_u w *j i j-a^l 
4jjljiJI Cj^LcLijJLi (jr'J'j <L»3e-LcaJI «LbSLII CjI j ^^e-JLa i^^tii! CjJLaj 

.J^i I fl"!"^ i^>i-l (^J-? 1 - 1 <j-° ^> j - u 't 1 O-y^JJ^rW-" L&Jij^j ^ij'iii < .i i4jljj_<jJI 
g| i ii <i SjJ, ^ mm *ijJI jjLdJI ■ Laa. ( _ ;r a w Zuli i u-(Jlxl I Jj j i u ^jJLc-^ u <i i"itLa 
^-Aj-^Lj-iLa-jJI m^j-jljIJI jq->o Lat-(cLu_o ^j^ji-a (_aVT d mq'w ^t) 4_u_o ^jo^- 1 

^LnJIiai. LLuUS 

^^SLLa-ll 3jlj_>JI <L>.jJj q\ * n III (jl-j Jaj>. 2 (j-a Jjl (j^J 

(«^><-' ^->^s^a ijj^aLs. (_5-iLu JSLZu (^ya ^^^1 ^^jaJJI (J^c^ujILi 1913 

ijr Lcj ' w fl-ilaJl ^_Jlj 4jjIjj>. 4j>.jJ i^r^ ^■^- Li 4-se-^LeaJI L_ajJa ( j-a (j^-*-a J-*-i 
^ita-1 1 i>JJ^ fil^t_it-saJI L_ajJa jj-* L?^-*-a ^Lojjl 

(_gJj_a_«JI jj^sJ,! ^ ? J^**^^ (jl»«i'tl 4_ia JixJ J£_<I/ (^rLc ^J^-i-I' "r'j- 5 ! o'- 3 
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cjjL^jj I jla .^jj*_Ll! ^Laj>.l 3j£La I jjjJ,! ( _ ;r ajiaJ! ^jjJ!j 

La-fliLoJya. i_iii>.!j 1 ((j aj-LaJI La-fl>Lcjj ^jL^ij ! jl <j-Uu>o ^j'j^*- ^-^•J- s 
LI, j<u5c_L!! jj_a J a i uVI ^1 J'C ."ill lj>^>.j_a j < ir-i^/l (OJa-cJI q\£ 

£yC f^ya a sc * rt 4_jLjlX (jLs mjJLLIljj 4 1 j 1 1 n > 3j ji ir~> ^_La_<_u <L>.Lj_u_a (j_« (Jj^-^ 
La-fl>Lc jj I aJjj-lj i(j^A>o (jL*Ji. ^jLjij I j! 4j! J->«J 4-2jj_LaJ! ^_y±ali^ . jjs-VI 

Ijlj . ijr J_u_J_JjJ I ^-jLUllJI j-L»_t-£3 lLsj>. 0 (X CjJlSJ iJjjL-aJI Mill mj^. 

0 J_fl> j 1 ea c (j 11 o i"i tl (jl ~ ila-jlj 1 1 3-jJaJu 5^g-»> ^j£i LuJajij 

(JS> mi (j-* ^-tialljj . ^ i nj^jJI £_)LHjJ1 (j»o J a 1 ' a < aa III ^£ 4j2,^_$j>Jt ! 

^Jjj ^Jajua (jl t ((J-f-uj-^-i 1^ 1 1 n"lj»Lfl> ^"i 0 K 1 jLt-^alo*! H-R 

j-l^l < -^tH > - 'J 1 " J^l <j-^J-" Cs - ^' (J- 3 ^dj-^" (jr^- (JSL<lJ! (^ 

.ij— il JL>wj_j tilt-o* (j_4-i^1 (j^jJI a 1 (_^>* i LiLjtX LaJl^uIj 4j^e_*_u 

(j-a J_i ^La (^LlILij 'J-fJ^ 4jl » <ilq cdJj joX.j_ij ^J- 1 M-*-^ (j-aj 

^ ^J?e_l11 ^yjt OjJh iJ - -A (J^ i"it1 (j-a i _ ;r 1^^1 (j_4-1^1 (j^)J1 ^^J?e_lI1 OjJt £-t^J 

J-LOj^\ (j^J-!l (_y£ (J^J-uI (jJI j i4iIL«J(JI JL>- JJ Sj_<I/LjJS I j~ >■ 'J 4i!L«J(J! 

* 6 J Lttuij ^j'j-^ t — ) ^ >> j-^ ^-Jj LiL&X (J^l ^ ^?e_(J1 (j_a «Lc jl>. j3 

. dLjia_LjJ! Lj-ilg (jj^ 3 ' joj <j-°J U ^J.'-^ ^ L^jjJj iSjLiil jji ir-i 

ljr £ t _ ;r Ij_J1 3_jjj_lJ! 1" Al c I (jV cLi^iialLa J-°^' J^'j Cr^ Lr^J 

i4_u jL»JI j^ej-u ^jLSj La 4^LLaJ! (jjs Jl»j j«Jj iCj^I^ jl O-j aj" L^j^JS 

. j i^"-s j ,»>>>j L^j| 

j ^* ■ ■■ " p a ((j^_u_oJ1 (j^_l^_a) (j_ajJ1 (j_a SjILaJ i-LILlA i im^jJI 

m^j-u-ujJI ^jLjjJ! Jsa^. t_djiu i -i^J ^ * ^ '**' ' ; (ji 

^1 ir-i 3 (j! .(Jj^i.! jj Wi (Ja-lj-a 3 Jjlj j-ju (jl Jut-i (ji^jil ^1 Jjjajj jtu 
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Ljjo~aJ tyL gajjJI ^IjJa^/lj sLaJLuLllj ^ i "j'lj-il j^LnJ! ^j-><-i <j-u Ljj I jLa 

^J-^ (J-iLiLa ^^j-j-u-ujJ! ^jLjjJI ■ ij^- ' 00 ^jj-Il 3^>* J^>* J-) ^1 

(JjLiLa u i "j'lj-Il £->LnJI f>-><-> i-sVT *j ulc i_yl\^>. Lxjjj ^j. 
JjJjJ! Saja (j^a ^.jJLij .Infera Red Stars «.lj_«->JI G>j ^a^e-JI (_,-fl>j 

Cluo (jLtaJLlI ( _ ;r 3 ^jja_Ll! tfJUk d'^'^lj tall! 4-o.LJI (j-a-»l aUtl JL>-J JLSj 



Stars Populations £lf jAeaJ f | 
Sjjm i guj Walter Baade j^JI j jsJUJI ^La 1 1942- 1941 tLL^J^Li. 
.j-ajv^l i^aJI (jlr <L-J i ii->. i aj CjLs^oL i Andromeda <LLmL nil SljJ.1 
3j>a^>.jJ,l j^oJe-cJIj i3j_>JU 4-aJJAI j^aja-JI i_S^L"o.l 4-fl>LiLil ( _ T i2.jIL<j/L3 

(j^j j ^~ II I r 4 1 a Lx-a .£j j^/l (jS 1 3-oLdl (jJaLUI j^J-''' cr^ 

• * >***' f>?° 6-° 

4_uj_2JI ^^ja_Lll 4_L3lj_a-i Lujjc-a tLoj^VI ^1 i iJLLjJ I ? Laic ^Ja-Ja I JL2J 
J-K-J (j-SUj . (jj^LII ^ 3-><-i (_p-a-i ''-'^ I <3J^ ljJL>-J (O-^- 1 ' I J-uaJ i(j ii a i"itl (j-a 
<L=txisl J (jjj!>^ J d ' * jk'tl £ L^-J I Laa. ~ i eajl iCjLjjLiLa 3jLC *l_^>-l 

aj gAX I I mi l ijLa^,^lj JliSLlI i n**( a ^aj*_Lll ^* 1 ijr 3 c_t_j^jHjl ijr 3 

(jl ^ lr Qaj^iiJI (j fljjg .Population 5j j ajJl jl (jlS i ..II a j j a a .. Jjjl>JI 
\) 3 0 (Jii-aj-4_<_u1j jJLi IJl^c ^^oj?e_l1I ^Jl^l ijr &j- ( j_u_a_*IuU 3jjL>JLI ^aj*_tJI 

• 1 

t_ilJJj ^jr^3 jl^ (jr^ ^^LLrca Cjl^_j_a_a L^J ^^^11 ^aj*_Lll C^-t-a rw J 

4jjj£LII Cj^LiSjill ^<u-ul i ilia] I »l a lr j 1 lajj . 4jaj£Lll Cj^LiSjill iU^jLi. 5jj i aj 
j ' a 1? ^jIjjj jLui (^yic i taj.^Li ^pJI Clusters 5_i_ajtlll uuJI ( _ ;r lc 
LaiJjLc jJLu ^^ja_Lll (j_a (JjLai JJlC (_gjIL>>jj i4_uajJa 4_uj/ i_oJ| 200 

j ui -»JI L?j-i5 - < s a? t cjLLa LiLo-ij <_3oJ^I cjIj <~<i<? jls-I^JI j uuJI ^^a 
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' aa ^ ' )a£L*-u]j (j_a ^ Xi 'C^T (J-* - * 4_*JLi (J*C mi (^^-Lc (^-a^e-JI 

.^jjfcjJJ I uiAJLa I JjJ-tX jl i .i'iVI <U3 (Jj^a i4j!j^J (^Jl JjSLlI! ! J-* 

S_tj^3_L>JI £ji^l 4_ji (_g^Li joJUi! ~ i3j_>JU f^><j JLlssj dLul 
Lai ij_a_>J! 4ji]La-«-JI (jji (Jr!^ 3 -5J-C-J <Jjj-" s t-<iILa-«J! (jji JjjJ.1 Jl>. jj SjJe-aU 

4_i!Lajti! -so^>-j Vj 'j-*^ 4-iJLax. ^^a-tJI ^JU jjl J^>-j jJis 3j^>J,l 

dJJj-jj . (j-GiJGie-a (j-CLua-so crH><S"> -^J-^ 'J-°^' ''- :L| * (J^ •<Jjj-" 

t lJ Jj'^\ 3j_£a->J! joj-u! L$]^>. Laj 3j_>JU gjll? 3j>" fj^?-^' uM- ti^ 3 ' 

-(_gjLi i ^ li c I j . cLuLUI *j j i >■ II j<s-<-u! 3j_>JLI t_J-a j_«->JI ^^jc_lI! (jyl^-j 

jJa L^-ilj i\jnc j_Lai (^j^/l Sj ^ a ->JI j»a-><-> j Li- La- iti^i I JJ-jjj 
Lai .(^j^LIt jLiJL 4ltlaJ.I 4-uj|j_L->JI ^ .Sajj-jll jLiJI (jjj OuaSj 

<_i-La J>a^>.jJll jLiJI (j_a Cil mi Luj/ j-j^I 4-uL\JI (j a ->J I ^J-><-i 

i4IuJL>J! 4-iSlaJI CjLj/IjjJ! (jy^J .(^jSL!! jLiJI (j-a Lu-uU ^LiJIj iSj^sJ,! 

•.^ La£ <LL^ 

(j-c L-Aj-a-c JUj-J V ^jjc-lJ! J a uiJj :%-flj La " 1 1 ^jVI 2>^aj>J1 - 

j» _a^><-!J (O) lijtMl £_J-i-J! (j-a j» \) d " ' * JLA OtJOJ i4_uj/ (ja^ij 

4Ll2j j_i^s Lt£. (jx. 3jL\£. j» <J J-& S jLa (j^ 4jLil 4jljj Ij . cLo-LJI (B) 

(ji-J LtjLa-cl (jr^JI f x _J :: ?-^' (J a ui" j :A- m - m JI ^^JjVI g a ^tl — 

SjjSLa j^oJctJ! tfJLA SjLa (jjs 4jLU i4_uj/ (j^j^Ll Sj^Ijj 4_uj/ Qajij 

. j o >■ II i> J_A dtJ>o 4_u_oll 4_j_a^t_Lll ^ i^i "kJ 1 La *" J . ^ Liaj j-t-^Lt^, (j_a 

1 f i n a mi ^-^JJ • ^-L-flJ j-t-£5Lt£, 4jLU ^£ (j-^-ul (j-a Lp^La (jaSLUjJ i4_u_u (j-U^Ll 

,«Lc^_a->Jll i>J-A (j a <X 
4 niq'v (j-a 1 1 o c t -^j^ yjLi Laaj>o (J a i^L - u - i a ll <LoLU1 5^-a^JI — 
. 4j_»-2-j j-^Li-C 4-jUI Jlj>.Ij (j-a Lp jLa jjSjuj i4_u-u (j^j^Li <CL-u (^1 
(^Jl ■ gaJ 4_jJLc CjLcj-i_o Cjlj ^^?e_lJI (j_a J Jx. J^>. i«Lc ^_a->JJ aJJt dt>»Jj 

. JSi jOa ^L;^ 150 

(j1_i L-Aj— a-C ^jljjj (jjJI ^ ^j?=_LJ I J a uUJ t-« "t I 4_jjLU1 g a *>»tl — 
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3jLU ijr 3 j3 L$3_}La (_£ali->uj i4_u_u O^tJ-^- 1 ' *'^'J 4_u_u ijr I! 4_u_u 

0JL$J VLlLa l_uj^?e«a ^L>.jl ijr 5 JL>. ^oj ^jyJ-Jl 4-LOJtt-(J1 Jj-ui -»J I j-fuuj . . ^JLloj 

.3x.j^>JU 

(_£ali->u l_u_u ^aj*_(J1 jl Ll*2jI ^ ' gaj| ' < - 1 t j j o x U . ..^".tl Ijl^jj 

. jjljH j JLi^JI (j-a JID^M (_g l) 4Ll2IL!! j_i^sLl*JI (j-a *>f^ 4xuO (jyi^ 

^aje-cJI I nfi'ia I i^i m (jjjlll i^jSLII jLiJIj jLjJlII (jl (^r^- (Jr!-^ ''- JLa ij' J^^J 
i4_Lj^£jlI =L>.mi SjLi! (j-a J-JjJ joJc-JLa .4Ll2IU! j-i^sLulILi (jLtic i4ibjLr»JI 

j_i^5l_L«JI ( _ ;r ^ oj^j (jlj jj V dim U ^^aJJ! Lg-La cjlJoj (_^jJI S^Lilj 

(jjJ>.j|J J-Ut (j_a ^ (jj^-o jLc (j£. SjLc S-Jajxjll SjLU (oJajjs 

r I Lea_flJ I Lgj-jLa » LLlC I CjJL>.|-LgjL<iu JLuj-^^jcl! ! (j£Jj 

■ J**' ' "I (Q-i (jH-^ 4_j_aj^_Llt j-;^. 3_}LU ^j^* « l^-i (_P 3 3-*J *— ^ri- 56 - 5 * ^ J ' " .! ' ' 

c^i jls jls ^^5c_J! (j_a 'j-f^ ! jjlc (j I idlLDI »l n lr jl2H»£5 . ^*-Ltl (jja£j ( _ ;r 3 
4 j i .I i dot .sjLa i LgL>.l ' ( _ ;r a o-Uj (^yitl 4LlZl!I j_i^Ll«JI ^j^*j.' «LUaAll 

4^s_>o 51 1*11 \ (J-la^ 4 Lt^JI j-t-^l-L»J1 ^hh 1 ^ *^ ' ' " 1 ^tP' i f s, 3-?-^^ 
j_Usl_r»JI Cj^jJ! ( _ ;r 3 Lai i Luj_23 4jU.I 4jLa jLc (j-a SjjSLa 3j_>JL! OuL^ 

(jl VI ^ S±iSL!l J£ (j^s '/. 1 0 jjfc (jjjSLII 3UJI 3 Jin it j^Jl23 jLa 

t!lt_tjt_l i^^j?e_Lt1 (j^_j La 3 J La jLi JU^Jj j a*i i n 1 l_^oj-u ^^oj?e_(J1 

iSjLt.1 aJ-tb <j*-3uz '."'"'*_' L)l '(j^j-^ O -0 ' ^i^* 3 '— ''j-^ ,_,''*• T 

.Q^SLtl ( _ ;r 3 ^^5c_iJI 3L<iu 

V (JL>. fiQjLj j-i^, jJljH^ ^E_LJt ^j^* Jii jlj>o Sj-aLIs ijJLLa 

^ a 1 n 11 ^^0J?E_(J1 6jJt> (j-aj « Ll*3_)I ^j?e_>J1 *JLa_o* ^j-a Vj g j Leal I Cli-O* jj-a 

(j_a 3 j n 1 n*itl tfjut cjj a" 1 ..I ji^j iCopheid Variables 3_jjLa_^2JI cjIj_l»iJi.Li 

. I J^a ^5-iJl IjLjfc jj-* ( Q -? 0 tjj' 1 d uu^l (jy^-tt (jjj J LLjJlJ 1 fiLc^_aj?e_a 
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(^1) ^ ,m< »ll aUuVI JajO^ -.(Jji-Vl Lai ,4-uiUJI l( Ji.ljJI ^1 

(jiaSLy (jJjVl 5JU.JI (^^3 .(OJuJjl Ji-lj JjLgJI JoJLUaJI (^jtj (^jLiJI (jJI 
d ■ a ■ 

^OJ?E_lJ1 p 1^ * *J . ( i J_ 1 _oJ-^_l|j»J_ 1 _o|j - A) mi jj-* 3jJ< lr~> d * 2 i (J^**- 5 (jr^J ^ 

file j_<jj?e_a ^5 Mira \j-JlA 1 La-jJL! 1 Cj 1 j-jJui, 1 p->° '-^ LtAj * 4l_ptlu_u_a 

^ ^**' Je i pj it^Jlilll jjJill <j_o pj5c_£ ^ 3jLo (Jjj-lIij j-Aj iCetllS tiLaga 

. laSL^j tiJliJI jJ-^Jl ^1 A^*^ tij^-' 
^■iSLi La 3 j-3J 1 j ' ^ 1 1 1 j_a jjy^^ « ^ j I 3^_j_i£' 4_ui£^ 3 j L>. 
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4_tic ■ U« ,>.tl j «U_U_ij ^^SLII jL-ulJI j-^Ja t^-cLa mi! daJt-Lla ^ lr 2 tV«*l->. qJJ 
(j^o ljL>- Ij-iL-J L-^-J- 1 J^>*-1 t ^j-i-u-ujJ I ^jLllJl ' La_>. jj-* £j-L<i_lJ1 jj^^ 

2 j A ^ Utl 1 ^ ^j'^j T Tauri Variables jj-lJI Cj1j_ljlILo (^Jj ajj?c_LI1 
*u ' "API i ^A* t>° o^*-^' U^-* (*-=*^ j N,M,K 

4IuJl>. *$^>^ L^-J L_3 LilldJI «1_<JLc JL^Iuuj 1 I jLl ^_l*ILj a^jt=JJ*I £ Jut. iiuas 

u_)jJL!Lj 1 3 * a Jl>.| J^^J Vj iSj^Lu-o 4jjl_a_tnJl CjIj-JlILI JlJO Luj^?e_a (^j-Sj 

j-jHaj L^j I ^.c j-j i £^_<a_>Jt 1 jj-* 3^-L.t£' 4-j-uU JiU_ij Cj Ljj Lo_l^ ^j-^ S j Llc Sj-JljJ, 1 

3j_La_>J1 cUlx < j J_i JLlu w La j-ujlj 1 tJa 4 (Jj ijjl_»_<iJJ1 ^5 uJi^Lo-.l (j-* 

^J_<s_Lj 0-9jJ1 ijj-gS i J-^ J J-^ ^^Or* ^^-^ .J ' " - ' ^ ' "J**' A ^-^J- 0 (J J^>- 

^Jl <_j_i_j_LaJ1 Jaj_La_>J1 ^1jJIl9 l_Lc u_)ljIL9Vl 4jr 5 4-3eia-m t^T c * - ^ 

l doLaJI jj-a *:1j-<j_>J1 fiLo^LJI ^1 4-uLila-ll i La j La 3n 1 1 ^IjJH^ [lc 

Nova (li^Jt) dj^M^V|e^JV 

Ljj I <s-Cl— > Lj_SJ L LlUjj i4jLiJJ 4xpaJ ^jj?e_LJ1 3Lp^ tjr ^ Cjlj^Laltll ,jl 

VI 

<si\-y<* Cj Jlj*_i i ^ ^ 9 . CjLcI_<-u »^'^ ) ijr^" 3' ' ^ aLiI d * Lea ) ^J^L>. ^jteJJI 
(^jLjlJI <LjI_jlJ, jj-^- ^L-jLjlI. Jbj-ij tSjLtTuJ ^j?e_l!1 ^ se <a * * (j^jltJ-jJ (^jL-u j-jjuj 
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( _ t jJ! i^^j*_Ll! ajjt (Jj-oj .cjIjJL! <j-u^La cjVL>JI (_>^»j iCjIjJJ <_aVT 

^j?e_l1I (j»o SL^3 ^ ■ ' aj 'j La III < " i a b V ^Lj-UaJI cQ^L>. l_AjL?e_ajl (J^lS (j^J 
.lillaJI »l air (»Lil4il <_jjL*j3 -I a-uJI ^ 2j<-a}UI 
(jl J < j q ii>J_a> Jl-j J mi II (jl_«_al]l 3JL>. ^Lj^Ia j a" 1 11" V (JLs- (J^ (jr^J 
Cja_a_>JI 4j3 _b JU>.L_i i«LjLjtX w < a^j 4jr J| d . .. i j A'.t I ^j?e_lJ| (J_t-aj 

.dllj jl 4_uj/ (jj i ac ( _ ;r 3 ^ 1 ii->VI 4jL«1 ^1 Lt>-lj LuxjjJj 

3j>j^>JU jj1_«JLl JLaiLSu (jl it—lj's i nl'ill ^ljHi.1 (_Ll3 jj m-UI (j-a (jSLj pjj 
I j^lUt j<sj (j-aj i Lflij La-ill (_Lua ^_a^e-cJI 0 JJt Lj-ilc OuL^ (jr^' <LtlxaV I 3JL>JI 
. L\jJL>. Ci! iVijij>j Ljji (jj * laj I ^jLt p^jV Nova 3JljJu>JI ^aje-LJI pu-ul I g-ilc 
j La 3 j-j-SLj V agjl LajJa 'C-^J- 1 ) J L: ?-^-'- a (jr'l j*-*-^ (Jj^^-y iJ^J 

j j a i ijUjLS .CjLcLu/ (Jajxlill puJJ i^^Lii 0 , VI (_gj"i uiX I i_i£j£ 

' a If i .1 I £jL>JI (^Jl jLiJI (j-a jL*. i_s}Lc dJj^eitj JJLajJI ^ (O^till 

^a_fl> J_j1j-JI (jl * a 111 t . iii aj . 4_uL\J1 i^yjS J-*- 0 ^lj^ 4jI o i n a-».j 
2L«_aV I Uj U ^ j i ua-j tal La-aJI ^Jl jL>JI jLttl J-^Jtij Ijlj i JJlaIU 

* sj-a_i La jl . ^ ^Jj '^j ^ ^* jri-" 4 -*- 1 Lt~^ 1 3 ^ O?""^ *^utl 

ij_o)M-II i a II JLjj/jI J-a-JJ iSjjj-JLi (_gjL«JI i_3^L«JI lj-JJ (j-o 
jl uujVI j tfi i ii j 4jl jjs i jl laj VI (_gjL«JI <_S^L«JI w 4jLj-cJI 
■ 4 A i<-iVI £QlL>- ^1 (<s^*-lII isiLxaAll 

i4_i_iLj j»^j*_(JI ijj-fli CjVL>JI p la « a i,_jjLjJI L^ajya. ^1 dJJj 

vijjijo LbjjJI (jLnJk ( _ ;r 3 SjLjjJI (jl . iLaJaila CjIj^S I j i^ajLJ I JLfli ("Cyj 

' ■ La a 3 CjLcL_o ^_tiaj tiUj ^jJuj-uj (jLo^VI (_^JajLj (^j-^J i«Lx>.Lia ^JJ ' a 1 L-^IL^ 
. 4^aL>. 3 JlC £_tiaj?e_] V 4_jt ^aJj LpE^jJa p^J^ (jl » 0 111 (_^-aJLl Lot 
ijLa_a_iVI 4-j-L^-C (J-J-3 SjLsJj U -^.C Lflj_iil (^jL^aJI JJLajJI jojj Vj 
a * * (jr^J icLxaAll (^jJI t_aj_aj pj?e_Lll i - ) I a i La (j_o ^ a Ja (j-o (jl 

JJlaU SjL>.Ij (J£j h_Jjj>.^/I SjLsJ jjl ■"«! Sola 3jLc Jj I La u (jl_o~VI 
. SlAjLiJI d a ■ La j I ^ j caji ■ * j " 1 1 a i La 1 1 ^ (3-*-^ L)' ^35^XI_j 1 1 j**'^ ll i (j-a j-^l 
i3jlj_>JI ^LojjV 4ja_uj^ (jJLj LajiJI (jLnJ. (^ S^Ljj Jjl (jl JJljj Vj 

JjLkj La 3.}J-aj-U 4jjL«-!l 2 aULaJI J« aj ^1 < uiVI 5j>l i „a SjLjj ,jjs (jSLIj 
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^ i n*M L oJ—Lc t»j LgalJ 3 JLo_Lo J-±£- 4jjl_iJ1 ' - ) I LilaJI j 

(Supernova $$i ft^JI 

sG^La j>»* j! i<tcj|j_a iiJLaJ SjjLj CjVLs- 

■ - 1 Lta-aJI ^j*_iJI 3jLa (j_a i_3J_2j LfljjJ! 3j_&LLi <JLul^ I iLa 

l^jjjjj^, j^Ju! jj* 1054 ^Lt iCrab Nebula ^LLj^JI jakjji (_gjJlj 

4_ijj_SJI (_jj^>.^! cj!j_>JLI cjVL>. dJLut (jSL!j 'j- 5 ^ ^-H> : ?- a cr^ 

.ttJlill Jj^iAII ^ i_?J-'-'- u ^ itilLiJI >Uic L*Jj (jjJI oljj 1 ,iii"tl 
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pLuiJI qo pjlc 
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(27)JSLi 
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pLuiJI qo pjlc 




(28)JSLi 

^^J*_JI 4_^Lj5 J-uaJ i^Jla ^1 L> ilal ^ jJ-^J C^W^' *M(s^ ( " f ) ■> mi-kJI 



1 15 



ft 



wj 1 *"**^ (jLvu-lVI (_lllj.il C-Jj_>. aJl-U J-J->l (jl 

olj^-q (_-j3 aJqIlS a^^JlJI (j 1 " ^LuiJ^VI ^-4> i(j^£LU 

i3jj_>J.! (jL^iJ^M Lalj3 ^-*-Ll! JfC q\j 

OJJ ^ 5l q intl l_i_ij-3e_« 3jL>.1j aj->%X ^jcCu^ 
(j ii <i i^i II Loj .SJLlIII i_jj_> jl Milky Way 0 i_i_UI 
aUaI]| I jutj^ j Ltac VI 3j i .11 Mill 3^j_t->J,!j 

.|«->J (JJ J ^ 1 ' ^0 Or - ^^"^ O - * lA9 ^ **' 1 li* 4 -*-^ J-tH 1 ^' 
( _ ;r -3 La jjLiaJLj (jl i_--jj_>_!! liLLaJI joJLc c^l Laj ■ -■ lj 
l_gjJ! jLi->J! ^j-CJI ^ j 1 11 ill jo-xIL-Slj i Luj_3__o 
,3j-^>-lj i ( jL , -4j---.l J^-*-^J j'-*-^'J T 'Lj^ 
dl! j£s ' a uufClj n»ljj £-23 (jyjJI A .^.tl CjL-_Ij__J! 

5luj/LvuVI i_-i!j_>.^JI (jjSj (jlII 3i5LjJI jj->-!l 
.(^jL^j^UI - 1 .^Atl |j^J 
cjIj_>JLI ( _ ;r a sLuj/Lvu^/I cjI jl>.jJI ^jla (jl 

jLiJIj -r i II (j_o (J_jl_A ^ g ->o -#-L- l-Sjjlj (jy^ll 

i(ju>.jij jli^JI (j^s 4_bLiU cjljjJIj (ji_uj£LII jLJLllj 
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i."r i n j t Cj!j_>J,!j .(j1_j^Lj Sj^c I j ' " 4 La II ljj_<li l_L«-i ^-jlaj ■ u ■ Lo 

JJLc jJLy JlS iClusters nit. "^J^ ,f '"^H aUojJU 3\cjj_a 

l_Ljj^*_a L^J f^y^CuLi (jyjJI icjjt>JLI Lai . <_sVT ej-ihi£. ^I^*. I Jj a Cj!j^>J,! 

j ui c 3_uL«j (jjs (jjSjuj Local Group 3 j l-»J.I 3x.jjj->JU j<u-u! I g-iic j^j' a 
130 I &j U a j 3 LmL ..U 3|>U 3_lL>J.I 4^_jy9j»Jtl olj^ca jjSTj - lj ■ ^ 

3j_>Jtl dJJjj i4_uo_U3 4_u_u t—oJt I 00 L_Ljj-j?E_a j ^ a La_Lu (4jJ^U3 4_L_u l_£lJt 

L^ 

. 4_lL>JL 1 4x. ^_aj>Jt ! Cj lj^e-« j-^*^ 
Magellanic Clouds (j^L>-La LLjLk-<j/ LoJt, njbjjl LLJJ cj!j^>J,! i_jjJsIj 

4 i i n t_aJi 32 I <Vj La a ) i_$L> j *C 1 1 j (4_jjj-U3 4_u-u i_aJl 25 L&j_La-3) i ■ all 

Galaxies Classification M I j*A I MnMAii 

jj-^- 4 - 1 JL>.j LoJ_Lc i^LaVl ^^jJI n£j-& tillil! ^l^. ^JLjj 

iJ3 JI cj!j^>JL1 ' ^*'^"» L\jjl>. (3^-*' ' ' ^ ! i J <— ^Pj-j (jj-^ SjjLlIXI 

: IflK i^it 3 ji,i;tLi £j 3j>i3 
irrigular (3jjLUajjJ!) 3 j-rjljl frVI Cj!j_>JU - 

Spiral (SjjcijJLJI) S^J^ill ol - 

Elliptical 3 ^ tv. 1 1 cjIj_>JU - 

'/.1 89 iS-j-JjJ cjI j^il (>o 7.78 (jJlj^- o' 3 j< U II cjUI i^>M JjGj 

3\cj_»_uj j 1 1-» CjIj_>JLI (j-a (j-u^LJ! aJJbj . 4 1 laj I a j^tc ' La ^a '/4 4 j-r jljl itl 
H_Jjj>-^/l CjIj_>J,I L^j JlJij-jJ L*L>>jI L^JLo JLitljj , - 1 . a all ( _ ;r 3 4ijLfl> 
Djjk (jr^ Sj-*^! "^'j-?^' <j-° (ji^. 4 i aaa. I a SjJij jiilj 

.SjLoJI S^ujSLII jj^>JI 

J^^. «LqjI£[ILLI ^j*_lJI jj-* 3 3_ijl_Ua_u ijr4^ 4 ' (J-° ^ V"^ ^\ o**i i tiJ 
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jLc. L^j tla-j-se-j Si mi ill «CuJL>. «Lj3jjJl ^_o^c_l!I CjIj^sJJ i>J-A Jijjjij 

<_ i Uj -5Jlx-o (JSLl/ 4J jj-ujJ CjIj_>J,1 (j-o ^J-Jl Ij-A 1 "j i c J ija-iLja 

I j c jM j-><-> <-" ■ j * 3 jjJ^j £ ^^J-^' 'l>?*i^ 'J-^ 1 " i-ly 5 " ^J^?- 0 

. Lt*!jj sLljJjJLI! L^Cjj I I i eaj I ii" ^jJI <i i^ill i_JaAll (jjs L^j-II 

CLs\j^*l\ ij\ <i,j,~>.j . (JIjj! jJI j jlkill <Lx«-uiSj tyjJjill £>ill (j-IJ (j^-jljlittVI 

.CjjI! -i^^ii' j-" 1 f^J-?-^' Cr^ s >J- a ^ ^JJ- 5 J^- 4 ^ Crd^ '(hH^J-" 1 ) 
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^jji 1 agji 1 1 ^-il^J i4ji_i3j ^1 ^>«i L$J da-L>iJ i la l_o^>o 4_CjLoJ1 »l tj < nil ijr 5 (JJLH 

tCj^_a_lJ J Mi"j jl^ I ii L* jJ^J ^J?e_l1I (jt ^ ' e3JI Ltj . I_}JIC <Qj Ij ^J?e_lJI (jt 

(jLi (Jj-2j 3_jj_Laj (jj S u «j (iuJir»J! lillall »l <i Ir ^ j i I ij-Ua L>JI cJsjJI 

3_j| juJI (j-fl^ .(^jSLI! jLiiJIj jLiJI (j-a 4ljL* Q Uula ■ La ■ uj jj-a jJjJ (O^tlll 

1 1 Ajlj i ^JLc 4^c_Llj CjLaj^j 3jL£. ^j-Jj^I 3_ujSL!I 4-i Ur i nil ^ j j Laj 

1*M mi I J .'--<» ' t. i I n"^ 1 La ^jLc^ I . 4_lJ_3=_a 0 1 ' a I 3j jj JlJ L^ILu jL>. lj»LajJ 
I J**'^ pi a» d t-» , * i^JaJLaJ ^ J L^ajl 1 l_Ajljj>.l O-uj ^jljJI ^J\l ^" . ..VI ( j-a 

.(^Jj^l (&^ii!l oj^y I jSLaj ...3_»^>L>JI 

( _ ;r i tf^yjj^] 3-SLJ I i n II ( _ r 3 CjLaljJ 4j*_uj (O^tlll I uuJ L»£ 

j_£lj_a (j-a J-^' jl J-»»1j (J^y*- (_pL<iSLiVI ( _ ;r 3 I JLlJ i4_JLc 4^L^ Cj\ j t_j^>. 

i Lt-u^ i ht- ^ Ljljjj <■ 1 1 n**!^ y 4jL5 (jj^^J! jj-i ^jj-^ / >-al2Iu LojJt£,j . L^lLujL>. 

<Ljc_lj_L^ 3jIj_>JI 0j_fl> I laJjJ . 4_ujL>JI 3jaLLl jJj^J 43jljj>. 4j>.j.J jJujjJ 

4_lLi£. (1)5^3 Vj '^J^* 1 1 I j L^aji 1 i» )J_>JI j^j-a 3_ijL$JI CjljjJI a al ' ^ > **'^ 

(jLa j<u (j-oj iCJJJL>JI 3j_u^ j-a^l L^-iLi ( _ ;r 3 3 'j a * 1 1 CjIj jU (_gj|jjJI ^LajJVI 

.4iil^ OJ^j 1 frallaJ (^rlll 4^LtaJI 
i«L«i^ljjil Mj^-jLiJI 4jI agio JZi C^>«J (_pLjSLjVI ( _ ;r 3 jOJe-JI jlj i nl (j^Llj 
SjLil Lol ijii^La ji^l ja^tilis I Ltaju I j i aju Jaj-Lta u (d . dSJI)) CjIj j J-t^cJ 

La mj I c I jjuuuii ijr 5 ^ +**' ' -^^ri- 0 (l^ c ^- 1 ^- :> »-ll 4jjJa_JI ^jl 

j_ul3 f£uj .^jVI 4_ujSL!l SjL-cjjJI (Ji-I J j i njULim Mjjill j_uQj ^ a i h_i 
i4-j_i^SL!I 4 » u< VI ( JjtAj-4jjJiiI I tfJ^J Llj3-4 j i hjULlilII Mjaill iJJt • Ls j La ■■- 
j j i n"j t 3 j -vj-a 3 ; 3e mi tljlj 32LLJI 4jJLc cIjI i ii-v. i_JUl!I ^ ^Jt (^lll 
SJLjLjJI I i "J I j~ I" 6 " (j a u> i n" lLL! jjj i s j i a 1 1 t_!jL23 S^Cj.^ 

4^1 1 ntl SjjjSLII 3 < uiVI cj! <ij i ii-v (jjs 3j_uSLII jIjlc^I (jSUluj .315L* j^aj 

4 j i iijULl«J.I mJjJlJI i La j La a> ( _ ;r 3 j_uQjl (j-a-j-i^ L>J I O^jJI ^, I t^aaJI (^yi 
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J *C i~i (jjaJLJ! i>j_A j_».Lj iix_pcj i^^5c_J! La SjLo SjiajvaJJ 

£_a^3_jj (_gjJ! ojSjJ! ^^jLuj/J i4jJj^/I ( _ ;r 3 d j i hjULulXI ■ Ls j La->J I J^Ja 
I j i£, 1 i 4j>-j jj I j i eaaj (j-o *Lu>^ Ui^J 'lS- 5 '^' (_r^ ^IjLa _i! JlC Li CiI nj i m-v 

jLolJ! (_y3JLi jLiJI ^JiitHjj i ^Loj jilS"V1 j--_)Lul!! jj_a 4_La_u_u_i t <j1 j miJ ^ jj> jtl 

Cj I s \ U "i a Jji (jl i_dJj i J^oa T iJI 4j>-jJ iJ ^S: ^Lullj LujjsVIj QajjiiLJI ,j-a 
.^aj?e_(J1 (j^- 1 La 3_}La jj-a 5-SjL) cLLiS* ^j?e_(J1 51 uiJ J_] 

i_k3ajj ^^ILa i£_]__2J! ,j_a LLiSLa-i 4ojLi Jx.ljja ^>->j «J 
. LlIjI La->_] 4jLg_JI ( _ ;r 3 jj'^'t i(_pLa£LiVLi i J-JJJ 4jLx-/_u ~ j i -"»" q\ (j-a jLiJI 
S-aLiS" jljlJJ LajJ_C ^iUSUVI 

i'Ii iiLa-i Sj-iLs i4_ujL>J! (jJaS LgJ<-a ~ j ■ aj 4j>-jjJ ^^c_LII La 3_iLa 

I (jSLajj (_pLaSjV! «Lul ( _ ;r 3 CjLsjI ijJLijt OulS" Lajjj . I J tJajt-l £_a cLtSLI! 
J (ji J j Vj i i^il JjS" ^1 I J -i j ta •>-" (jjs i nil (Ji-lj jlj La .'-iVI 

u\ mi ^ 51 nil ^Jl (jl J^-a-l fft-lIaJeltH 1 JJt ^Jilaj-jlj-ZLi-oVI «LL>.j-a ^Jl 

SjL^JI ^yjtjj sOJCS" jbjia ilidjo. OJ^' (O^? 1 -^' Cr'l J^J-IW L$-> 5Uj^t I 

SlsLL ^Jl f«j=^iJ 5Lul jdl ajali-J! Jj^J Sj! j->J! 4j>-jJ ^ 

JjjjJa 1 j i i mi *j J ' aa 9 _] a mi**i 1 ^^-uoLlI! ^qj?e-lII 4JL>.j-a ^ a**i i tiJJ . 4jj1jj>. 

3_L».j_a (a.Laj'^ j»j!>UI C^^I! j '^-a LaJS" 4jbSLI! Ojly;! LaJSj i(«Jt_i!! jj U~ 

sCLujL>- (JL^a SjlJu i. i j i im 4_iSlaj 3j_uSLII 4I11SLII joj_JJLa i"iLLtl j«^*-iJI 
Jfla ^jjs ^jji/LJ! (<u*-l!I _jLs" ^ia . I j j i n i jj'^a i>j^Lui jL>_il n_gj_U! 

(jiLaSLlVI CjjJl>. 4jlj-J (_^a ^Lc Qajla 50 ^jJ!^*. ^Lbej sbLs i(j u n i"itl sttS" 
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0 J_A L-2l-L*3-J J mi tl ( j_u_fl_l ^JaJLj d)!j-J3 ^ ni* \ q n a |"|TI «Lta^ J-^' 

Jj^aj jja l_Laj i ■ i(j .1 a ." i l l *Lt£ jajjo Lai i«QlajJ! SjHill 

Red Giants jt^t ttJUflJI 

1 j" (_^i>- i«LL>.!j JaJLUaJ! jLjjjlj (jiLjSLjV! ( _ ;r a i~iL<JI (o^*-JI j a" i n_i 

^J^Loj IJljj Ll&j i4ja^La «L>.j.} ^j^o-tLa ' a ' a « ^^jJl^v 4_lL>.1jJ1 43j1jj>. «L>.j_} 
(j-a JljL^J! 3j j (jjSjS Lq JL u ^ JLl^JI jLc jjLtij JL>.|) j»ajj_ujjj! 

2- J-a-£ (j-Lc (^-j/LlII (O-Jt-iJ! o±£-> Cr^ <J^° L5 jLiJI La IjLs 

Cil a j i ii-v Jli>.! ( _ ;r 3 IJljj (jl «G!jjJ (jSLa-i 4jLa i^jjj-ujjJ! (j-a 4-l3L^ 

3- iLjj (jJI ^s_3 (j-aj iSJaLLaJt (ji-n; (-J JLc (J^-LajJI I jut Jji^cjj h5jj>.| 
(j-U^La *j 4jr II 4jr !l < =aj (^^o* ^jI/LlII jc^e-ill 4_lL>.1 jJI 3j1j->J1 «L>.j_} 
(_L>.!j i)JLa_j La^ LaLa-l i (j jjj|_)_!-(3 JJjl>iJ I (J^Lflj IJljj LufcJ . 4ja-La 

jj_a (JjVl J l^aAll ( _ ;r 3 Ll>.j_<I/ La£) (__gJ)_o_Ll 1 (J^LilJ! dlli CjJJLajJ t 1 i i u a i"i 

^ c ^j-J^o^* ' - J**' ' (C^-i (jr^* i uuU I JLA j a**i ' njj 

^jl—i jJ^a-SJI LlAj i^JLJI ^j?e_l11 (Ji.!j_i Jaj*.^-LI (^j>.jj Ji_l^J1 jj-* 3 4-jLtl 

tj^sJI ^jijjjl ^LajjV! (j-a L>.j^. LilLjXml JL3 (O^til! 

^ a**t i n \ 4C_JLaJ! J_t£,-^j1j->J1 ^j^aJLlI ^J^LcIlJI ^Jl j-A^al^J| ^Laj ^^l^pj La_Luj 
iSiltalljJ ^] jJI jLajJI ^jJ (JjljJj i4Jai- ^aV »l i^if ^ ^LajJVI 

(jjalSlJI a_tLaX tLul • Jjljj-^' (jr^ 1 -*-^ d *° * ' '-" (_>u-a5^-u 4jLa j<u (j-aj 

(^Jl ^LLlL i^Ji^J *LuiL>- 4^LU tajl (jic- c^Jjjjj iLgjIjIjLa 

( _ ;r lJ! i^LajjVI Cj^LcLoJ 4^.j_<j/ SjLjj (_yJLc Jjjj ! JUfcj ' . tiSJI SjIjjs. 
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ij-a jjlj-li! ^1 < jjjLj Cijo jjuuJ! LtjJajiajj i^aJil 3_^>.jL>J! 

iSjIj^- ■^■O'i L )i\-*&j S $\ L$o-u-u Crd\ iLsLLJI tajbj 

£-j~ai (jjJI '^^J^*^' (jjloLm I i eajlj i^jjJaLm liJJj ( _ ;r 3 CjJLs. (_£ j-J! 

JljIj-j (j_a <Lj>.jJlj (jJaLtl! aJJt JJiX-i <icj_<j/ (_£J>Jjj iSjjIjJ! 4jaLLaJI 

j<U (jjOJ i£jL>J! ( _ ;r 3 S-SjljJ J^lj Lgjjejv j-j^I (<u*-lI! ^ j i aj ! J^J 4j*_u-£j 

cLoILjjlJI) L^-llg (3^"^ tAjj'Sr < tl jj Laj 
^jJI p ^ Ml ^e-La ■ 3j1j-j>. «L>.j.} a * se S ij-*jj>J1 «LiJLjjtJ1 «lL>.j»j3 (_y^_9 
'U 1 "AP^ Jr 1 ^-"-" ' taj. ("i^tlll (j^ LoJ^- ^jlt* C^jl^ (_£ jJI ' a^alll (j-a Jjal 
4JL>.j_a 4j1^ (_£ jjl 4-«j*j>. (JL\al CjLlo ^1 ^LojjVI p^titl ^'^ij 

cQti£ ^1 (jjl jjJI Jjju (jl j-«J5-VI L*jI J JjUcjj • u 1 "jlj-^ yLnJI 

i LL<-«-a I JLs- ' ■ ilaJI SjIjjs. «L>.j_i J -3 ^' ' U a ^ *l-^2 (jl <-^p- 

-(ju>-jlj £ La jjl gjlj-^jjl^tl .sLoj (ji cti-o. jjs- I (^jlj-i (J^-Lflj 0JU£. I Jjj 

(_£j^>.i 3j_a Ijj^j ^ j 1 -« j i4iiLjJ! 1 "j'lj-Il J-ilinJ! 4l>.j_o (^ (_gjJ! 

w alieJ ^ylll SjU! dJLt ,^1 iNeutral Sj_jL»J.I SjLIL La JJJ^aj ^^lll 

,j_a 3 1"^ ,j^. Sj I j f L-J-S-ll 3jLa ^ j • ^"j Sjjjdl CjI jj^j^UI Lflj^ 

4_la£LI! oJ_A j_o (J_oL«jJ! (jjs ( -5 -3 4^LtaJlj -j i^aJI ^jlij (_ylll «l aglaJI 

J *\ i"i \ j<u5c_lII i_JS SjIjj>. *I^>-j-S ^Lijj! 4j*_uJJ! (jjS^ij i4^LtaJ! (j-a 3j_uSLII 
. 4_j^a cL>.j^ (j^_jJ_o (j-uLoJ (^jJI^^. (^jJI ' aaj Jl^ (JjLa 
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I ni'nj . (j^iillj (j^jj£L11j CF-z? i u^jVi^ t^Laj jji^l m? J^>- 1 J-**^ Lt£. ^jJI V^sILa 

^jjl^ll ^Lajjl 4jt_.il <j-a 3JaLU v^j^LcLiill tfjuk J£ 

' a!aL>JI (jiijLa^JI) -j A^ji^JI ^Lajjl ^ a i ujj . jii^LS jil^l Sj!j_>J! 4j>-j.J J-^J-j 

3 4 i .1 ilLi --'I fc-»lt j , ,.j ^jjl^tl ^Lojjl (jV diljj i (Helium Flash 

f_yj\ j^>. ^LajjV! I j<"i .I jja Lul j 1 1 .1 t_iLjiitj Lai ijj>.Qil (o^*-JI j-a-«J 

(_£ jJI («-^-iJI jar 2 fc 1 VI j i la "t V SjJLoJI JljJi ^jT VI i^Lc. i_iJl 

t j a**i i n i (jl ^ t 4 ^ 3 -9"^ ^ ^ LaLa-> ^-usl ^Jl (j-aj *(j^ m nil (j-U^Ljj jJLSj 

(JjAi lS 1 -^' J->«JI 3jlj^>JI 4j>-jJ J ' -»" (j! Jjljj3 'j a" i ii j V Lis* j-Aj 
. La CjJL^tJ (jl JLl V i3_^4u_a «L>.j_} (j^_jj_a 350 ijr ll i(J_iitt3 

^LULij 4-aJta- Ji-L-J ijojajil ( _ ;r L>.l jJI i_-i-<£jjJI j\j Sj i nVI m i "J*"l 

ijr J| p a Ml ' ^ | (jl Jtauj .O-i^fcJJ dJJ!i Jju ^j^iiajj ^cj .iLojVI 4jL*_L 
i(J-J-3 (j_a jJjLu.aj 4JLL*L^ ) S a I Jjj ij_«j>J! sLilLaJLlI 4L>.j_a 

(jl _aJj . 4jbSLII jJLL (_g jJI ^Ja-uJI <L>.Li^a S-lLjj ^1 I JJt ^jjS <_cj-uJI 
(jl (j^LaJ.1 ,j_a i<j1_»-a JLs. ^1 j«jc-lII (^ i " . < I 3jlj_>JI 4_>.j.i 

4Lu>J Luu u3 

(jjs I Jl>- 5>fJ^ f 5 ^?-^' La-ij jl ' \j x tu a La-so jl Nova Lajj 

La^_i j-j^j_o (j a i imj l_Aj-i_oLi 3jL?e_a (JlLa ^ i gaga i JL>.1j (JjL& jL»_ijl (J^L>. 

. jLl>- J*C mm Ij^tiHa L«j>j jl Supernova 
(^ Betelgeuse *lj^j>JI Jajl jojso njjSLII (^ j_*j>JI 4i!L«j(JI j^m.I (j^sj 
1 i >i 3 i mi 1 600 ^1 ^a-j jJ-Sj 3jal . u a Lii2 Jjljj (_g jJI lOrion jLj>JI j<ujl<j/ 

4jI 4-dlli&jq CjljHa (^yj3 ^Jl^wj I j i mm ^jLi ^lj^j>JI (c_tSLLa) i_La_il ^e-ta i --j 

(jl LuJa^a jjj 1 1 i mi a mi J-i^3 Jila Sj_a 350 ^1 ^s. £j_Li3 jijj JSL* («->>J 

4-JL-UJ.jJ 1 t i£^1 ^SLJI (J^ Oj^C_l1I i4_jJL>J1 ^-U-^-t-**uJ 1 (jj-^ ^*-t-Il 1 Jul 

4 'i i u (j-u^l_j 5 J-t-J i J-* J ^ > "' 1 ^ c I tiaj I ^lj Lcau ' ■■'^ jno i"iT1 Lot 

i^r^jj j-j^-H jj-o Laji^j ^\ i n" LoJlI^. iJ-Uiij i(d_u_u ^j^-iLo <-_aVT cL_u_cj>.) 

. L^JjljJ>.J (j_u_C_tIaJ1 »LuJa SjufaJ (^paj^l 
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pUoojJI (oljsUlg jjaaJI oJUloaJI 



c^aJI (j-o t—ijlLflj j-Aj ( _^LJ! (Jjiil! ojiajaj (JL) - ^! * "lj * SLpJI ( _ ;r a 

SJjL^JI 4-u jL>JI (_Lt-iij (O^c-Lll (_aa a I Sxj ij_4J»JI 4-iULajLJI 4l>.j_a jJLu LaJ_t£. 

(J^sZLls . Ll>-«-o I jia- ^5c_J! i_JLa ( _ ;r a 3j!j_>J! 4j>-jj j-Lu Lajii^. jjj^ lSJO 1 

j < a * C (jr^i '"'N C I ^" tl £^ 3 J ^* fl <lLuiLm JL*_) (J^fclu 1 JLAj taj j i u if La j 
. LaLaj fSJc-tJI Jt^iisjj SJaLtaJI ^Lul i—kSaij "ii-o. 1 JljJljJ! 
: 1 ^jSLa-t^ ij-a_>JI cL^JLjjlII fiLLvj^ 2_)L$J ^£ ^j?e-(JI jj LaJ (J_u-aLlj Lai 

2 SI ta 'I ; cr^- L)-^ C^? 1 -^' J^'- 5 lSJJ-^' JcLaiJI (jL£ 

.^c-JLi (_^L>J! i—S^LiJI (_Loj (ji^. *Laj^>L! £ Ll3L^ 4j>.jJL> L*j>.LLa 4_l2jj li^rej 
jSj-a I J_lj . 2 al IaJI J-lij (_jj-ll « .SajSaJI)) «L^Li! J>j^*-a_L3 I JUfc (jjs ^CjJLjj 



White Dwarfs tUfcaJt ((I jiil 

*4_L>.^-ja jJ^>.jJ1 jjL-U-^ r r 11 T I (^_l^La O-al.} 5l_o* Jju-^oj?e_lJ I ^j^* 1 
Cj j_alia j^^a-ui 1 uii \ L^J jLlitj JL9j id) jJLl «LL%.j-a-3 jl . VI i«L>.^t_uIlJ1 

L>J aiSlll JiJ^lS i3_ujL>JLl jjLIj Jtjj La j j_a^. V I 3^^-*^' 
ii>j^j_a lSJJ- 1 (J^^-^ CjjJL»j ^ a i ihI j^>-V CjiiJ (j-a jjj 4_lSLIj 4_i^ 

^Ljj ^ a "1 i n a (J ulJ 1 J^SLa t^aldgJI L?tIl_La 4_u!iL>J1 j3t ^ a**t i n 1 
J-ajij (jjJI =Lu jL>JI jjlj ^!j_i^s ( _ ;r 3 ^> ae bj L^l^ (<s^*-iJ! SLo. cLi^iS (jl . SSjL^j 
(J_t-aj LaJ_t£,j ii>^J_a_l (jj^Lc J-aLc (jj-^ C?^^ 2_ij^_Lll 5a^JI Cy^_3 ' d L^a-iiSj (^j^Lc 
3_jjIj_>JI ,_^a_2JI (jLa ij_a^»JI <LaJLaj(JI 4l>.j_a Jijlj 4jLo- 3_jL^j ^1 (S^tlll 
. 3_u jUJI j^a j-aVl SjL^j ^j£l 4^>«II J 1 m'Wj 
La-Lu tyl LtaAll (jjj Cjjia JLai Sjlj_>JLi ■ Lb I 1 3_aj^UI 4ijLLaJI Lai 

jajaJjl l-JS (jLfl « JaSaJI » «L^Lil Jijjc^jj . cULjiu L*j>-LLa (OJc-tJI (jL^ 
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A i \ i II ^ • ■ eajj i(_gjlj->JI ' La « i *— 1 1 w agjej (_gjJI Jij*JI ^1 -ij-JJ 

. LujJij d >^M" ^ ^e-Lx^aj ^^>- ^teJJI ^j^^**'J a t4_u!}L?eJLj 1*m ui3 1*m mi 

1 uulj ^jre-LlI ge-i <^>l (jl Jjlj <j£.La3 jJL^-a i_iIl_LA JUlj ^qJ 1 ji£L&j 

J j w j* 'I Lajut^, 4i>j^j-a ijr 3 ^j?e_lII L^j^ ^ LlSftll j-t-^Lutil tgjjajJI 

.iJ-S^Lj-t (^j^l '"'I La-SeJJI J_La sG^La fijajtA Q5^Lj (jl^ (.gj-ll (jlp-jij JL14JI 

J_jj_i3 sLj_LsX. ( _ ;r 3 (O^tlll ^J-^JJ n_3l^ « .}jj3j» (ji^. (_£jJie-J J-*J j«J dJJj 
, .- 1 . '-^ U jujui j jj 5j * d Lj ■ ga H «G]sLLa I j^a £_oj_> cCLiia_)j 4jj^la 
^LaLLaJI J Jj~ i ,ij V 4jLa iLsLLaJI JLlJjj (^k: Ij-i^S JlJLJ («J («-=e-cJI (j*^ b-^HS 
(jLLa-i ( _ ;r ^ ^1 « i"iVI (jx. (<s^*-tJI £-u-4-i Jj^La (j^j L - LlL i9 'lSJ-^W L-AJ-<iij (_yJ-II 
(4jjI j^JI 3jl^V|) *l j-4^JI C^J 4j«^/I 3>Uai ^ j <i~ i ujj jX\ oLv^U 

^1 » i'i^M (j-C Q J 1 V I j»j-2-)l I— kSjJJ Ij-O-lj mm 11 (j-U<JLl L-AIj-1 

.O-us i H-w _}j^?e_a ^j-L^ajj Lol_4-i -ij^J L ^LI^ J-t£. 4-Lal inn j cu • ■• «j 

Sirius (B) <LuL<uJI (_gj < m.II jjt, njjSLII 4a I ui&\ Jj'j 
S_ljL«_lJI t_gj < i^i II jajso jJ-jj Lo-yjj Canis Major j j^VI i_. Kll 4j£j^ (j-a 

L-LaJLj-"i i ill I jl (j-SLJj iSjlj^J.1 (juJLl 4_JI Ijj-Laj til »l q i ntl ^ Ijj^ia 
Binary jj1^>.Jjj_a (j_a LijSLa LaLLaj dJLla (jl j J Laj i t (_i^'s i nhtl 

^^lc J-^J ' I 4_uLijJI t_gj * i"i 1 1 jj» LiLnl Juiu^/I jaja-Llla . I ej_£jjmu (J^s- o'jj^ 

fiLi_j_3j t^j— 1 (jl ' ■« * ^*tl jj-o^ i( *1 ,i uitl clLvj-x ^a ^j-u-ujJI ^_)LHjJ1 ■ La3» 

J_>JI (_gj.a i I 4_uLijJI (_gj » i"i 1 1 (<s^*-iJI «j-Ua (jV sLuLijJI (_gj » i"itl) 

.jjiajj^/l ^j-ail C^aLs- ^1 * ~u\ 4Sj Ltaj w La «_' (_gjJI 

jji i^i o se ^> ^jl (jj-JJ i* ) ^L_i > L-4~^1 » '"ill ^3-Ua c—u-m ^>.j-jtj 

JjLjJI JjL^JI JjaJLJaJ I i S^jJi OueTi3 iJjLt J'C i"i_i <L<j/jSLo 43jLo (jVj I j j i m 

cjLijj^SJVLa . j^j>.jjs julc (_gjL«JI jJI i_ij^pJI (jl J-so i;^^!^! j»jJa 

3j jdl (J^ CxLaj us ilj i4jjL«JI I j"al La CjLjj" i u a (j_a ^jj_>JI ( _ ;r k. i^j' J^9 
j ' a **' c I Jl^j . ' a-^^ ^jj j-jO^ (jj-^ i L^jI ^-i (j-* L^jlj^IiSLII dujUal tju_tjt_i 
(^Jl (<s-5=-iJI *- s '- a cJaJLUajl diljjj . -I i^aoxll (»lj^Vl oljj ^lj^ 

3jLo (j^o c_L- <^ -t, I j " nj" i i nt l Qjj (j^J ^<U (j-oj 'J^l L*JJ Jl Cr" -y 5 " 

. (j-La (j-a (j '*^l ^j-^^ 
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4j-a_>J1 4jLlLaJLl1 «LL>.j-a_l * ) 4_uLa_jJ1 * uJl Jul] 

<Lj_i jL>J! *T"*^d o' *^ ' ^J^' a U^J. J-i^aL>J! cJSjJ! 

(OJtii! (jSLo! jlIs iu^uJ^l ^j-ai! SIjL^JI JLaL&J! ^ (j-tSLj j-<-u]! (jl SSJjL^JI 

' g.\ Laj Jl ^IjJs^M ^*J>. jj-a J " ' I jS"' ^ *J * ' * 1 i ^*- ) L^J-^^ « uJl 

JaJLUaJI (j i ' "j'^jjIj-^M 4jaLtaJLi 4ja^Lc 4J (j-"jJ- LLajLUs jjjijLxj (jV 
^yjJ! J I x~t II 3JL>. (j-a 3 j o i n't 1 1 Cj*L>. jlsj Degeneracy Pressure ^ \ IVitl 
I uuJ V (j-Aj i3 JjJ-Ju <i3L£ 3JL>. S.jLt.1 LaJ_t£. iCjLi^pSLlVI ■ _i j • a" 

CjJLjo (jH-!! 3-LjLgJ! SLsL&J! dJJj <■ . j i ,i; .UVa (jSJj 4jjIj^>JI iLsLtaJI J^c, 

V <_ilSJI lL « i a (jV JaLiivVI tjie. Ij-iLs Jlj-J La 1 lj_u^ «U3 jjJj 

(j I (_yi>- SJlcLiHo CjIj jJI JL>. 11 a i"itl j^J-a Jl>- (_g jJI jL«JL^-(_£ jL«JI 
i_LIj-j»_Ilj w j a (j-aj i 1 J * J * oLbI i nU t^J-^ i<*>t L$_aLstj>.l 
JlaaU jLiJI La! .(Jjj>.Vl i^ilj jJLi IjJ.iU.^V S^uJ^ .Ui.^tl ^jLajj 
jojcjs. ji la « a Jilaj CjLi^pSJVIj i<Lj/j£La cjIj jJI (jLa Degenerated Gas 

Lill—La i." 1 1 11 j I a I JLSLaj ij jiii^ (jj^ ' (jr 3 " ' ^N" " ^'j^-^ J^ 1 -^ tSjjJI 
^^JJ I j ca-jj-aj jl I j La « 1 a 1 5JjUtA 4j| j»jL23 (^-^a j<u (j-aj I ^ Mj CjLsLjla 

.JSI 

L30L1 (J^ijJ 4j| jjt i^cJjl j^laj tLul ( _ ;r 3 (JLajJI ■ La « 1 a 1 4aL^JI cLaxaJ Ij 

'-■ « IjjI I 0 K a ijLiJI cjIj j <L£j^- (^Ic- ^yjJI 4jjIjjJI ZLaLLaJI j^c, 

JaJi-LaJI jjj j<u (j-aj iSjuiij I j 1 U\t"j '"'Ij ■*' II a> 1 "' 'I >jl Sjl^jJI d "^j 1 

L^J V 3-uiJlSLo oljjdLa Jlatlll lLb » ■ a 5JLs- ^ Lai 

. I caji 1 I j 1 * a Jlla-Laj V jcj ^J—^^ 
i3_jjL«JI I j* al ta oLj" 1 .1 a ,j_a ^jJ>J\ ^ \ r '"■ -1 cjl JL3 djLijj^SLI'^La 
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o j_a (J-i-o • 1 i3j (jr^ '^J^' ^i) 1 -^' CjI nj i n->JI i."' i njiSuj 3j jJ! 

i Lgj^j^s- 4jjj>. (jjs Ij-J^ Cj JLai L$j| «L>.j jJ I j t^ajtj (j_a i_ij_2JLi CjLijjjSLJ^Mj 
^j_SJ! CjljjJI j_L£ £Jj"-^ j LaaJLc I JLSj . jLiJ! (_^aSI ' SjLii! Jj<3 joJj 

Qa-iLa ^1 ^s. cCLu jL>- Cj jj! ^LilLij i 4Hi jj£ ( _ ;r 3 I Sj Lali a ^7c_Lll jLi^sj 
(j-SLJj isLaLc cLii^ij CjLjjjUSL!'^! 4cj_<j/ q a se S dUj CjJLaj LaJ_t£.j . Sj_a 
4_Cj_*_u !jL>. 4_ujJLl! 4_i_}L*J1 «Q£,j-*_uj t_dj^tlu-4jjj>. >j^2l-l j I <Jlaj 

j-oJ! 3jLo 4 i nj j-w-jjia-u^l ^j-oll (^-CjLjj^jSLI^! p la « a <Jla3j 

"L/l JJ ' J $ * ' L^J- 1 £-^^-<JJ , d , >. A ' n d L £_ j_ ul i eilj^tJJ (jl l-^-llc pH^tlu p3 (j-*J 
<_i JL3> i- i i i ""nj i^e-ta ■ al\ QjjVI ^j-^il 4]jSLI! (j_o-CjLijjj|j_i!! 

Cj LijjjSLJ'^ I tfJLfli pJajtx j^uijo iCjUjj^SLI^^J i£aJll CjLiajjjj 

(j-o J-jj— a (j-o (j^i J J a I j_Uj J-A jjl 1 1 1 1 Jaj-LtaJI (jJ 

J la j ■ ■■ «Gjlj^>. Cj-Ja-iie-jl I jl -^j^ xjal j»j-2JI (j^ ^ij'j-^' 4^UaJI J^c 
Black Jj_<j/I (jr-^l ijj * "' J 1 " J- 0 ^' ^^- J Cr^J (jjiAJb I t^N aj -» ^ 

^jja_iJ! Jjk ij^-Ij • (O-? 1 - 1 jl " * t^fi] JLaL>. p i n-v iDwarf 

jljla i( ' jKj i nljJijLai JL=cJ i— Sj-KJ La J-Aj) (j n n 4lj^ jjl^ I , 4 (j-o 

(j a 1 ii ~ j_Lxj (jl (J-LseXi I daJLJa lJjS ^jU" i n" (jla (ji^j il ^j-S^ j i uj (jl 

(J-t^s^J ^j-a jJI^ t jl£Lu-uljJ-jLlu (j Lu ' ^>-J Jj-u (J-i-^VI ^JLL4 j j j call lall ^JLjlJI ( I) 
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pirn mII pljsUlg jjo=JI 6JULoaII 
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^IbjJt ^jj . . ww jail dttJI 

^1 tj If J-£>iJ (Jlj-J ^° c ^3^ 3j-Al_Lb t_dl_LA 

-<j1_2_ilj j-J-C Ij_iL£j ij_U3L>JI ojs_j]l (_^>- 1 dial I 

3 Lai p •»■ * II j •»■ a ij LajU^. CjJijo (_yiJI 1 1-3 jjjjjj^JI 
pje-iJLa .j_«j>JI «LSJL«j(JI 4i>.j_a (J^^ L>' OJ- 5 

(j-SLx-l V jL*-ilLl 4Io^ir j i"i 4L>.j_a L#J ^OjJ 

LU 

jJL dJJ j£ i«LlJL^>.jj (JjLlsJ! (j-o <j-u^LU (jj^Lo 
jji_j^l_o j j_£ ijlj>.!j p » * 1 La j-ij— 1 11 II S^LUsI 

• ^yu Q-Q 'ill 1 

3j_I. «LjjjJl!I 4-iSLbLll 3j_&LtaJI a JLA j n~ 1 1") JLSj 
CjLaLLa p se III ) I J^ a J tJaj ■■j**'l I ijr 3 ^-tcj 1 ( til 
^JfLa jug mi (j^ji-o jj-* 4-T»oLlJ1 4j9l_LiJI ^jLuuJ 3jLo- 

j-Usj ( _ ;r i pjc_Ll I «. JJLa I 1 1 i 1 11 1 i"i 

S_L$Lia j_aljJi dliill »Ulr Jia.V jLSj 

( _ ;r aj 1 Lsj-JI Lgjic I jiLLil 1 Lsjjjjjj^JI (j_a Sjui Jjal 

-pj?e_(JI 3_}La ^j-a fil 1 ta ajl ^i (_3J_aj CjljLa_ajl 

US 
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SJL*. Lof i«t3jLo (j^o j_l1SLI! i 5jj V Laj-Lll jLtijl 3JL*. ^ p^=-Lll j 

, g 1 > >. A 1 1 Lal_a_l Jjj-alu *LLa L$ uJI 

S Lsjjjjjj^JIj Laa-JI CjjJls. l. ujm j-fl> Lai 
ji (j ci a "ill I < 4 cQti£ oJtlj lil f^*-^' o! 'ij^ 3 (3-° I 'i-ijl 

^IjjS^M 4_L>.j-a 4_l^ipO JjjjJa jj-^- tl)^- 1 (1)-^ '^LloJI (jjJi A J - ' a rt L)^- 3 4 

, L^aJj-iaj-u ji L3oj jLt-ajL 4jLo* w J ' ' JL9 ^Jj t»l Lca-iaJI 
SjIjjs. £ I^>-jJ ___ r 3 i JLjJ->JI SjLa d_ix. jj-cj p^-^l '- . ' 1 3 (jr^ (JcLailLa 
U 1 c 2*1 taJI (j_a 4ljLt *^-a^ I ' '"J I g-^"J ' Lyj-^j 2j^fLa 4j*.j.J __)>^- a 2000 
(jl J-j V l_Lfl>j . j LiJ 1 it I ' a-fl 1 1 tfLjoL ijaJS-iJI (j-a j-flj CjLjjjo-u (J£-»i 
3_}Ljj ^1 all I 1 JLA itfJLai La ^jlajju*} ajc L^aJl pj*_Lll ^"i a*C i i 

La (^J-^a-Lia (JS[ i"i_t-LjX.Lajjl ^3J_l13 ij<sjc_l!1 3jlj_r»Jl 4j>-jJ 

I JtSL&j idJLia j^uL-ul (_£J-a ( _ ;r 3 SjjfLa 4j>.jJ Qa-<la *CL-u ^1 (j-u 

*LtJ j\j a" t ill (jLa i4jj1a 4j>-jJ Qa_LLa 7000 3jlj_>Jl 4j>-jJ J-Lu LaJLtCj 
j_i^Lul1I j JLi J_>J1 j i^ale jJ^tlLt^ . ^juiSLt-Ij ^J-ljUJI tjr ll L-ojjLr^Jl jj-a j-t-aLutJl 
^1 , «\ taJJt 4 j i uSLa 11 Jj^ejJI ^ -l! ax J-^yj ' j» Jjl i^ 3-1 (J:jj>.^1 4 lj?"H 
! J k ' a a aLai ^ 1 ■■ a ) JLaJ p 3e-LtaJI pja_JI q\ till j . Lj^^LUI (j-a Vjb 2 Ult 

iAjj^U! ^ ; , „ll (,>u>La J>Li- L*jjli ^pJl SjUi^I 3JjUtA ^1 

LaLa_j eu ' a Qa-IL) ^5 CjJL^_i ^ jJL^ i^j>.Liaj J^- 0 * ^i>^ 1^-A (jr^- t — ^J-^J 

i4j^.jL>J1 4^1 uiC '"'I aglaJ Sjiajv^il 3j^>J| CjLa^LiJIj (J^Lilll ,_jlai-La (jl 

, - 1 1 ^ , U a \l , ^""j iSjl_i_>JI 4JLj_ijL>. j_ljG Oaj (Ji-ljJl j^J-ij 

_^j_a ^1 ^Lfl jjVI f. Lul 1 1 l « J Ljj^aaJ ^a ij^sr i ii^j^/lj pjjljtlj ij^>- jlj JljL^J 1 

. 3jLij>JI LjjaS (JSLi 3 Lai p^tlll <Ll2jj1I 4jjij_J| SiLLaJ! j I ta3 pj . p^tlll 

i3j J^Lus I 054 ^Lc ( _ ;r 3 j y a (cjjutaal/) (_yJ.ll (_5-fl> La j i ■■ j j oil JjlIj 
Lie 

5 » j , h ^jJI till J Jj^ CjjL^ _Jj i I 054 ^Lc J-*^' 3 <bJLv ^lu joJ 
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tjf VI i3j_lH! 5_ujSLII Sj_aLliJI oiut 4jJj fAsu ■ LuSLI i^Lc i_aVT 

i(3_uL\]I jUa ^Li£ i_aJI 300) 43j|jj(Ji.l 4Hg.j i uj JjL^JI jL*jijVI i<i J-^J 
(j_a LjjJs drl » < i ii Cjj a " i ill ' r I LtaAll (__ r 3 'LLs.j Jjlj 4jL^1II (__ r 3 (_paj^M ^1 

.(jxjJt 

jj j La l. i j i ii "i" L^_il i LsjjjjjjjJ I ajJt[la i_i_ij*j(JI s^-JaJI (_L*Jj 
i.'i < j j i^jJI j-jj-U (jSI i^aAJI j«i i ujJI dili iNeutron Star (_^j^j_<i]l jo^=-iJI 
I jjVLjj" dJLLiJI »1 alf _j ^» ' jj] (^^^o* iO-i3a*JI cL^_t£Jj «bj_Iaj_La 4jojjIj CjLiia_uj 
Jjl_r>o iQ^SLII lJ jS j CjLljL^ (j£. SjjLj-a CjIjLJuVI ojut OuL^ I jl I t~ 

. Lb JL^iVI 

^J| (d i t i"itl (JjLtlLa) (jjjjjjjJI i dS[ fljj (jl (jSLaj 4jjLl!I <_Sjjj_IoJI ( _ ;r 3 
i_3j)j-Lb C^>o (j£Llj t(d Lse uJI t JLuu) (jjijUSLJIj (d Lse i"it1 c_o*^a) (jajj^j-l 

(j^iiaj (jLa i Lsjjjjjj^JI 4JL>.j_a ( _ ;r a j«j*-lII (_^JI 4l5L^JI 4_ujL>JI ^jjs 

iCjIj jJI (j-u La t_!j-2j (_g jJI 1 w j ■ ■■ ill j i ■ a II (^ 4-jLc. j«j*J>- (__r3 JUJuiJI SjLtl 

. LgjjLa jjj- 1 11* t 3_ua_L>. 4^,j 1 Hi ja^c-LlI <■ ' b ^1 4I5L4JI JjSLII ^Lajjlj 

L$J Jjjjj j<u 1 L$J d 2 ■ a Jj^-^ L^jI (j-a t_j^l2" CjLijijjSLJVI (jl ^1 I JLA 
t^iljjjj^jJI ^a (J^LajJI L$] ^jjJ i3l jjjl (j-a L^jIj^I 4j*_uj 4-JLc 4j^LiIsI 4J3U3 

.31 2ba£Jtl 

4ji_se-ifu (JjLkj (^1 ("I jjJI (j's 1 n"i (_jj.II) CjLjtpjijjJI jja ^LajJVI (__;jJjj 
(_jj| (JjjaJlj IjLjj-ij . O Ljjj jij-AI 4_o.jll 4 lx i"ill j_a i4jJLjJI CjLjji^jSLlVI 
(jjjJJj_ijJI >Liul (^1 (_LcLajJI \ jJt (jl (__;l . d tae i"ill SJjLula CjLjjjjojj 

__£jjj| c_t_j^jjJI (^j-i (_y>.Lia a a * (^Jl (Jj^tHjl I JLA ^jjj . (j^jSLlVI g I dj3> Ij 
J-a^j ^LiitjVI I jjjjj . (oj^iJ^J OXH^l <j-° 6"° Ui^y ^P") 
LjjSLa (^ jjj jjjj I jajaJjl I niij IjlSLtj 'JJ^I SjLil (jjagiS" (- _ r Lc 4_ujL>JI 
i4jjjjl CjLcIjjUI g I Ij Cjl_Jul_a£LlVI i>Jj_J 4j?e_u_t^£) .CjLi^jJjj_u (jja Loj-Sj 
Cjlj-j_a j I j< 5j (^^-Jl 3J>* A J *J ■ * (jl (^yJI (JjIj_JI ^j5e_(JI jQJ*j>. q I 2j * 

(j_a c_mSUI 

. ^jls jj ^_lLs 4j La 1 jjv Jjj 1 («^=-tJ 1 3 ^ La 
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-j LaJ \ CjLi^j^Js tj7-i^>* ' "" V 'c^JLH^ri-^ J 0 -? - ^ c ^-^^- > * ^-^^3^^ 

SjLc jjL-Lj f j_UaJI cIjLj^jj-S (jl <j_a p^jJL-2-ujL>J 

.cG^Li. 4_uLx-<j/ <LaaIa (JSLZu (^ 

JsLjjJJLi cLLaL>. 3Lo> jju .^a^=JJI SLo~ L$j w gj *" ^-'Jl 3jujl>J1 cjVL>JI 

* l^JSiUL) q i n l La -i^-?" 3^ Lccaj] LlllaJ! si tj\c 1 flj * i i nil (j-O^U. Cj jG_a! 

i Lijj J-a-iij 1 1 i I ii "t p k r i j i Lgj^v Jjslj <talii£ j-i£i i« Ijijj^J! 

d A h t 1 ^L^fcJ>.^1 (j-U (jjLoj (ji (j£w4_lj . (^J)^J^_J_l11 pJSe-LlI (j_a jii^lj 

. 34-JSLi Li£ U^Lp- Sjjj *Lui 3 nl'^JLl ,_L^.ljJ.I ^ instil! 

LaJ_t£.j .(_£jj>.i CjLcIj^ I ^ 1 1 r-i ii" (j- 5 ' ffl " t (j_o (j^Sju Lgji JJ-JJ Jj '(jJi-i L£ 

iS-ujkjJI 3_u j>L>J! j JjL^I! Jaj-L^ll 4j*jli i^^tJlJ jjlUt I ^Lil! jL^jV! ca 

4j-jj_c ,_Jj^>.| Sjij i a J 3j)LU j J IaJJ . Lflijjjij w aj seJ SjjjJ! CjLclj_aJ! (jLa 
rfs-uil L^-lLc jjJJa_i jj| VI dllx-i Vj I j a i a I i_ aj£ u>J^ * ' ^ 2_3jj|_a J-±C- 
. L^la cAflJ (ji g-jlaj ' V dijL^JI tCi£.j-Laj .-j LaJI ^~-r°i i(«l JjjjJI 

(j1_i JLj J ui 11 (_!jL2jiI dlljj '^'j-^ I 1 J ' ' a o' OJ- 5 L^'j-^ ^ 1 " 
it_!jL2jJI I JLA (J!la ^fl J i am i CjLjj_pSLlVI (jl i4_uJL>. 3jjjtaj ^xis jjj . CjIj jJI 
«L>.jJLi 1 1 JL>- 4jJLc 4_ujla 4-La-2j Jti^. ^ j i aj I j"al U jjij sLlsLusI 4^LU 
(jjjiLj (_y-i-II CjLjjj_jj_i_L]l S_jj£La iSljjJI f^°> CjLijj^^jJI j^a (j£.Lalu L^Lujo 

. (^jJ^J^J-LJI pJ?E_(JI p^* rt 

J->^- tiH-" U' JJ J 5JLa- (^ ^^Jjj-uJI (O^tlll (jj^J (jl ,_L4-b>J.I (j-aj 
200 ^5. J-Lu (J JUtA (ji LliLUI »l n lr ' ^"'* J a i(_L* j-a J's i"m -«l ■ ■■■i ■ 

(JjL^JI (jljjjJI (J JLkjsj . ji I i a a 1 1 I " ■" ajj (ji (jjJ) iSjo-I^II 4_uL\JI ( _ ;r 3 3j_a 
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. (_^J^Jj)_iill ^J?ejj1 (J*C mi (J_iJeliJ (jl 1 nlf ' Lt-L^aJl (j_a 

lLLLoJI gl g If j i jjJjJI I JLA (j-a oLUa-uuJI (Jjljlj CjI uj i nil jj>.ljl JLLa 
JulLjuj . I g^-Q^j jj ' aj 4_ljLe_aj i4^j^j^_j_Ll1 ^^j?e_lII jlj-*_ui I d uiS j^JjLtj 
4-J-Se-La ■ d 2 ■ la L<j_aVj1 i (j* j 2 i la (j_a j^SLa (_^J)jj^_j_JI ^j?eJjl jl ^LjJulII 
3_jJ,L1!I 3_2_JaJI La! hjJjII 3_,}L^a 

J ' I ^JJ ' (1)^-4-1 ^ 1 ^"'M",^ cL>.jJl3 CjIjJLo 3JlC l^i^ Cr^'j 

<_3j|jj<-a jJ-«-a (j-a 3_i^L%a J-Jui LjjLi 4_uJLr»JI 4_iSLLaJ I CjLvuljjJI 
, ( j 4 < 1 1 ii <LuLt_ij *j ui£ (_£ l) ' ^ 

,j5j_iLJIj iSjjJJ d n V i>i 3l jj 4jI^ i^^jjjjjjJI (<s^*-iJI (_jJI j lalll (jSLa-ij 
Lai iSjLjJuSJI 4_uj)L>JI (_J-«-aj i 'I i uLsjj (^ji^j^jJJI (<s^*-lII (jl I 1 J 'j.' ^P^jJ' 
C^e-aJ-il jJs (_^^_jj_i_L]I j<ua— L]l (j! LuJi i4_jj|jjjl SjJilL LlL uLtt-u^ 
lLLJj) jl lilldjl ^1 o If JLSHjljj .CjLjij3^_u C^tlulj i«GL^3j)j-) £_a 43Lj)j-t£LJI 
' dlsej JL9j (_^j^)3^_u ^->*J i jUaj^_uJI jq_iJlj_u i la i ■■j" * jJI ojsL>J1 ^qj?e_L|I 

■j* LaJI ^jSlla ,>jLaLi/ (^jdl jL^ajVI j> ^(Latpj-ij i nil) jLjJI jLtijVI ,jc 

.4jJ)>Llo 1054 f\c ^ «LaiJI ,j-a 3j__t__J_t,| a j-fl> ^ «.LsJ-2JI 
2 -1 la * ' 1 1 iUtyJiljJI '"'I Laolll dJJj ij-t£l I'lliitl »l nlf jJ^tJ i^jJI (j£-!j 

. 4_uj)jj^_j_JI ^j?eJjl (j_a ' » in (jr^ 

Pulsars MbUI (S^Jt 

jLta-Lo 2U,„lj_, 1967 j»Lc ^ (oljl ,,i I j II) 3_UajLJI ^^till C^uuS"! 
(jjSLII ( __ r 3 4a«.l i ii a jj^, SjL^. q\£ ij_a^/l cLajils. ( __ r 3 • LSj^-^'j 

dJJj) Jl-«-j Cu^bu i^J-^SJ) ^LlaluiLi 3_j^jJ)|j CjLiajj JLu/jl n" i n a 

ij_iilua ^ a b >■ 1 1 CjIjI i nl ill a ■ ' J Jjla (jl (."i*> i<ijl cH^' 4jLjj_tJI CjLal i^'i^VI 
(j-° j3 (_,-!! J^~) ti-J- 3 ^ CjI < < W lj j ir^i 3 I (3 ■» J 1 > (_yS (JJa (JjjJ.1 jl (<s^.J-J 
4_La (j-SLaj (_gjJI JLsJI (_j.II I -i la * i « '"'I La-jJ II O-i^jj jl^ JlU .(3_^L\]I 
j__a_i d j *i « LtjIjLa L^jIjjJ) «Lui (_p3jVI Oul^ lj)l Lac iJVjGjj/VI 
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(jjiAj i a uuS l jja f 0 -? 1 - 1 (*-*' U"J • Sjjlj-la jl 1( j u <i uJ I 

4 Lfl^J^JJ i nil j3L^ 5 u (_£J-!1 (jUaj-i-uJI ^jJUu < la i ijr 5 4 i ^^jj^_uJ1 ^j?e_Lll 
Cj JU>-J l_Lfl> (j-aj • 3 JU>-I jJI 4-j_iL_lJ! ( _ ;r 3 Sj_a 30 J J_«_4J a j I (jl^ (_£ jjlj 
. JLa-tj I -i J 'I ~ ■ all I j ijjaajLJ! jsjclIIj ^jjj^j_l!I jq^se-LI 1 <j-u 4jj^L«JI 

t_JjJ>- JJJ-J 3j_a (J-^ -3 '^-jljJJ-I c *- J ?-i-'- 1 y-ij[pjiiJI C^?-^' d i a j ' I UUJJ 
^Lgajj Li^ l5 ^-^L?-^ jUa_UI I jt^^".La ^ , >. ■ \ j > . ifiLtuiAj 

:(36-JSL<i) (jji 

I g K a • (j a i "H i^Jl^j i_gjJI jLiU d 1 * aj Lxj i3JL>JI £j-a> 4jjiu (jl (jSLx-ij 

«L?e_ILi 44>L>oV! 1 J_fl> (j-a 4_Hjjj (j-SLs-i tlft * a i>Lr»o! ijr 3 ^1 * mi 4_Lo jjud 
. Jj^l oLsoVI ^1 3j_o JJJUJ "^iiJ ^-d^ Cr'l ^j***^ 

. 3jJLx_o CjLajl *L«jaj-Lo 4cj_<j»j iljtSLflij 

Cj_iL^ ij_o^I i^jLj (^yi (^jjjjjjJI (ojc-J! (j-o cjLUajjJ! oJa^n!! LojJjcj 

4 ijr cl_u-a j Jto-a_o /">! . >» .'II 4> j_a (j^3 (jl 4_ul£L^al (J^>. (jj lla lJJLlA 

. ijr L&j^\ Sj£LII (jK i hi (Jl i all^l 1 4ijaLc cjLoI^ (jjs 3JjLx-a (Jilxjj 

^ 1 a jl ' ^ J-><-i '."iri uul^l (j I Jjlj 1 1 j t£ (jlV'tl j<u Jj3 3j£Li!l 0 J-fl> (jSLJ 

(j_o «L_«_jjT JjLa_j ^1 J j -»■" 1 1 1 U . Lujjc^j A e\ \~ ^ ca (j£Lol e£>*"' 

i LtJaAJ ^ j 1 a * * 1 JL>. SjLjjlj ^j^Lai (jj iSLuU ( j_)jJ1 4_j^jJ1 Cjl_ijl£LI1 ^jjjLo^I 

al 1 11 I I mi i" jjlj J_i "i? '"'I iJa-i 1 II (jU LillaJI »l glr (j-fljl IjlSLaj 

w I c (_gjJLr»>jj 3j_jJ_Ju ialii^ L^Jj cUuLt ^Cj.^ jjJj 1 - 1 LtaAl I ( _ ;r 3 d jtjjU 
^j?e_l1I ' lil a ' a I (^j-A i>J_fl>j i4_]LilI j-jJLt^ 1 ^ ^ a J i4^LLaJI 3j-u^ ^^-^ 
CjLi JU jJL) (^jjjjjj^jj jq->o a ■ 1 ^jjLaj ^jl uajuuu ui I jjSL^-Jj . Lal_4-i ^^j-ijijj^-uJI 
i=L>>jLlII CjLju jJLi i4^jJajs (jjs 4_JI 4^UaJ! JjjjJ ^1 Jju i(jjjj^>J a~ 1 nil 

ijjiajLill ^jijj^jJJI («^*-iJ! 3JL>. ( _ ;r 3 (j^Ij .3jLijJ! 4£jjiJI j| (jjjj_>J! cjLijLij 

i4_i-3L£ 4jjLja LjjJ O^ljjI I jl ; 1 ,1 II ljsW iIjIjjjJLII jt'n n~ ^ji (jSUj 
( _ ;t jJI ^ajjj I CjIjjj t_!jL2j ^ Ltajl 'II L^JaLajJI j<u (_^JI CjLi jb jdlj 

(JfLa ^jl i,^l mi V 4 i ^^3^_u tiilaJt »1 olr <d 1^ . ..Ij i L^jl 1 n^. 
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. 1 J_>- (Jj^ia j-e£u-uS I (J| 

* ! C^JLH5^~^ ' {ft-JeJJl (Jjt^ci j-JI La <J1 J_*_u jllLi LlAj 

jjjfl p Us" * ^ 1 >. ■ * 1 1 s_u-uiJ LAj-u_uj2J j^y^ i«QjJL>. cLtSLla 4_jjJa_i <J^-23 

I Us ."jj ^jJlj i ^OfjU^JUil] jCJ?E_tJLj ■ Us ^ gej (^jJI 1 Jl>. L_£l_uSLI1j C_(JjJjJ1 (^J_>J1 

4jt_a 

(J-ajtj ' d j a I J La ■ a I cL>. j_a ^Jl (_£a_>J1 i_9^LiJ1 ^9 ilajtiJaJ I «L>. ^_a (J^tluj 
.3_iJLLi- cliLcj-^u (^Jl oLijjjSJVI JjJtutj (^ic £jL>JI (jJJ L^cLfljjl aLuf 

^jjJI i_3>1JlJI J}L>. L^cLajul «Lui jJjj <i£j^*J1 3jtj^u tijLjj^pSLI'^! ^jut 

4jr 5 i«L>.^X1 *j j i a 9 4jaj_ilj CjL>. j_a_i C i » i" d LajLxJI ^aj*_JI aJJb (j\ 
A ■ a ' JJJj <_>^^' f^?-^' J- 3 ^' o-^ ^° < t!>^'' 0' *1 'SjJLseja ^ ^<-'- 0 3 
. SjoJ _oJI 4-uL\JI (jjs i_aJi (jjs (j-^ 5jL3»l _oJI SjjjJI jojj JLSj i4-u_j-l>. 4cj_<j»j 
(jJ i^jlbe-a (_Lr>-l (jjSLH lj-2> (jy^ ^tjr J - u 'J-*^ ^ lajUJI ^^o^e-tlla 

^^a^Lu-^ i 1 (^\_]^La jj^a ^-a-Lgj^**(*j 1 11 (Jj i Lgjl!} SoJilL) L^La-U ^£ j a" i uJ 
' a uiS! ' (jl g-J*aj 1 " ' (jj jjJLt^j . SjLgjJI (^yi (^yjl/^ilj La (jLc.j_<j/ ^axtJ I ( _ ;r 9 
aj -r i T1 jj-* J-jJulJI i L_Ljj-j?E_a iJ? _9 ^jl—i 1 iilaJl »1 olr JLajjuj . l_AJi^>.j jj-^- 
^^SLa-j-i jjj ij-aj ' a j * II jj-^ '"' 9 ^j-fl^JI L^jLt-ai ^jy^JI 4-Lajl til 
. LjJjI I" n ir-i 4ILaLi^5 ijJLLfli CjJIj La L^jl 1 La>Jjj>.j ( -5 ^Lc (JVjGjj/VI 

JLiiJI a 1 (j_a ^J-i^ UJ^' Cr^ *>tA^' I j_fl> I ^LaJI jjjj Jl^ 

Lulj La^J ' . 'JT** J S-^J^ J-* ^° l)^ (l^ ' a «LiiaAJ! (j-aj i^j nUtl 

^ 1 sejj i^jj>.t 3j^aa-aj SLiJti] JiajLj (Ls^aJj-joo-aJI) a aj 1 1 

^_j_t-all£ tai Lca-aJI ^9 (^j- 4 - 1 iS^^ J 0 -?-^' L>^ L)i5^-^^ ijr^ LaLa_i ( a b se | JU_o^t^ 
LjJ (j"! < j J dJJi (.j- 31 (*-• 'pi 1 11 t^l (_LxitILj La-a (_,-IJ 4jj/jSLa 3jLa 

^j-^ I ^**'*^ (jr^ 1 i4_3uLli_a^ ^ 0 laj * rt J 1 lil ' a 1 * * 

j_fliljJa t_!j_C.I L_t_t_! iC^aJI (jVI (jLs. JLaJ .4_l>JI j»aj*_L)l I j~» « p (jr^" 

. abj 1 nil t_jj2ill ...4^L^ Q5SLII 
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^yjftj I ijK i ..La^i (jja JJLjj La ijjjSLII S-sLtl 

.3.>LU <j-a 

4j! (jLt j^L! dl!!} i_uj_2j Jj-aj (jl (j^-ajj 

i3j-SL11 jc^ejv ijr JI Sl^o-i Cjj-j^ (ji j^pajJa 

3! jJJ! j>j 4al 1 ,iU ouLO 1 Lg^^Lal ^ jjjG 
4i)l 1 iU ojlaj . Jjj-' jl lj^-a 30 ^jjHSLI! 

^J_j>.! J_£^J .S > Ml £JL& JL>.| LaJ_Lc 
" "i 4_aL«J! 4_l2JJI 4jjJaJiI 3j_ul! CjLujSjil! 
iBlackHoles »l.aj-uJI ■ . ij-S-Ju ^ a 1 nj La Jo^-j ^Ir 

^"i a*\ ^gj La Sj 43_}La jL$_u ^j?e_lJ1 LaJLuLS 

j|j)-J 4_ujL>JI ,_£jja (_Lt==J iLg^aju £_a SjUI 

Lgla-bCil 1 hjJI 43 L^ £_Laj L$jl iSJjLt 3.sLj) 

L^jJI t_jjGjo L$j! Li^ ,^jL>JI (jJI Lij^LajV! ^ 
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. dljij-ui JJljJ I^JJ «j-i^> L3-L0 ^J^J * tiiljJ <Lje-ujj 1 Ljii-I J 
^ d ■ * 1 _i^_t_ui I ■ flj ^ j < a Ij LaJxC pj?e_JI (jl LIL>> 

^j^cj V 1 Jjjj/^/I j-J-ill Ljjl£j 4-mAj Jagjej 4j| Li£ JiSiiU 

. t_£i3 ^JJJ _}^_i_u^M J-J-tiil ^£ Jl^ejj jisa-iJ (j*"^* 

iLiajl (j-ajJ! J flUc lo .-J LtaJI (j^*-<-u cbL£j Jjjj/^M i . ■ Sill JJ-JJ lji£L&j 
-SjJLS Jijjj/VI ' . ■ axil (_iJjJ (jjSijj .oLLilij ijLiajXL jJI ( _ ;r L«-tl (j-ajAJ Jjij jaia 
jj^a i_x£I^SLJIj a^cJJI a I j~ II 1 r -4-j-lAjJ I 4_ujL->Jlj (JjLjJI ctaJLiiall <Lxxlj 

. Cj IjJ. I (j-y ^txj tfj-jSLj (^yl! I (_^xs-J d-l ^s. 
frLq-Lc 4_]L^t_i J) 1 c I ' ^* ' ' ^ c?"^ H JJ.'^ dJJj (jl 

<_i-Laj <Lujc£ 3JL>. Jjxu^M ' . 1 axil j-jx*J iS-JjijxIl *Ljj-LiiI! »l <iUt d 1 1 11 itLij 
' tu 3eJ Jjxu^/I ' _i 3j II ill JLs.^/ jLjxj (jH^' SjULli ti . 1 iy^- Lj-mTj p j 'j il 

. d 1 mjj i 1 ^ 3 % * « 1 

JjLjij jLj LLa (jSLIj .^jj-lII Ljjj^jjj Ljjljij L^jLjjjLaj SjLil 

V f.\ j-gJLa iojLjT (j_a g.^ ui II Q5J J" 1 11 j (O^-il j-fll jJI I ^jlr JVjGjj/VLj 
. L*jlj| (j-o L^jSjju jJt\ ^lill aJ-tb (j^-Jj id j 1 iijULl«JII j I sLu jL>JI lLL) jl^j l?J^ 
(jJLc: *LJaJI J-alaJ Jj^VI i_c2iJI 3JL^. ^ LUajlj 

cjLsj (jl .i>jl 3 « i"i^M j I mi" tl j =LLa 4jjj_i!l SjLil i_dyL_u ( _ ;r l^.j iSijLjJI 

I j I 1 S (j 11 j t 4_u^C 3jj_fl_o 4_IL>. (J_l i4_jjLa LjLsj O i njt tjLj IX I C^*-^! 

(j-C dJLLaJI »l <ilr j-^jljj . aIj^VIj J^L-jJI (_g j ^Lij £ ^-J cr^i3 lK>'_3 j-*^ 
a « 1 i_yj\ CjVjLkJiI i>JLA pjtjui/jjj i4_lUsLjj CjV^Lkju jjIjJI tjjSLII aLlaj 
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. ElJia-mll * la axil 

^js-JI ^Ljcj>.| jjJl2j i4-ll"oLjjJ! CjVjLkI! »l nUtl ^ JLa-l i nj'q 
i Lgj-iLa I gj*9 ) a ~ i ■■" (jylll L^j^LcLoj (jjJJLajj i4j^j>J,I CjLc jjs->JUj 

. 4jjij-l"!j 4jjIj_>J! Cj^Lc Lo"i! Li 

^-lUt-l] jj^^ iljjeoil SjLLIj iL^jjIjjs. CjL>.jJj L#£.IjjIj L^JK i alaje »J 

. I fljfl n j<u LgjLp- J-<ij ((jjltJ! jjJj^La) Jj^loJI j<u i L^ii-b 

j j ("11 (jSLxj iL^jLo. (J^Li- ^jj*-lL1 CjJLso (jylll Cj^LcLojJIj j_a!jJaJ! (j-aj 

4J"JLul11 jcj i^j-u-UjJ! £jL"uJ! filL>.j-a L$J^>0 l-A J-I J-La ^j?e_lI1 

(ji ^jU" i V i(__;jjJjl-i__;jlj_>JI 4jL#J ^1 J-^J LaJ_t£. (OJc-iJ! (ji 

Chandrasekhar jI£Luj/!j jjLi jl>. 4 jlr jUal /«u (j-aj i jK-uj/Ij jjLi joJUJI 
^^JJ q 1 2jj (jl (o^*-JI **tP 3 -' ' • o " " '"'^ ' J"^ J - ^' Limit 

i^j^_J1-^j1j->J1 ^ji'' ^-iL^-j J ' ; Lajui^, i^?E_(J1 jjuuajs jjt Li^ 

.^5tLiII JL4L diljj ^j^" ■ i^LiIa (jl'vl jJI Jaj-iiaJI ijj^J 

i^jaJjl '-■*■ a-j (J-jLfli jLjc_fl_i! iJIiJljcj jLi^jV! ( _ ;r 3 4j! JLiTls.! tiJLLflij 

, g 1 * >. A tl cQjli^ p la * -t * w 
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^ La i til JLAj miJ 4j^!ll! «Lc j^se^qj (jl_Laj-*_uJ! p_)JU_u ^£ CjJL>. La ! JLAj 

jL$Jb (j! (jjL'iJI JU_o.V! La! .^LpiLua 1054 ^Lc ^ ^j'j^H jj^SLiiJI 

L&jLLcj ..4_ujtjJI 3_ujL>J!j (JjL^J! i La « i a 1 1 4ja-Jjj Laiiaji IjLl^jI ij&j*_lJI 

. 1 A , ^. i i ^jJlj V i LJ 4j3^Jl_a 

w I c Cjj_a ! J_A j_L£ (jl JLi ^La iCj! tae w flj seJj CjLcIjjI!! 

-frl L*a.all ^->*J (j"*-* (j-° ' La i ujj rt poo i i n <i mi Ji nil .^j?e_l1! (^**t i n a 

^JLc ^£LjJJ Cj^_4-JJ i La^J jL^-tJ (_3^j_o (J n 0 Mill (jl 4jr ^L4-J I Jufc (Jjfcj idjjo 

.Sjj^j_u( i . ^Jl J^tluj i L^-mAj 
(J^ Se "i 1 (jj L^-tSLIj icLu_o (j^_iL« <_aVI d I n JL*_) L(L>. Q n 0 UiJI dl^ q**< t n 
,j_o JJsi I (j"i b$ (jV (j^ul (jJI pu J-«o.i 3^-*^- Cr'i (J^ -^J-^^ < . 1 (j-^l 

■ jKji nlj JuLiu JL>. 



dlMI j jkM jib I 

(jjj £-Lu ^P" 'Cr^'j - * 1 ^' 4iSjJ 4_i3l_£ joX.j_l-C^-ii! ^JjjjjjJI pOiiJ! (jl 
(J*C uii! 4_l^La JUa ^oJj *(j^ (j^_iLa 4jLo (^jJI 4_Lo JL>.I ^oJI C— x Jt S LXI j" tin 1 1 nil 

. Cjlj-La j *j ui£ (^1 ^oo. £-Ll1 i jLLjlLI 

Ljjj (_Lojlj 4^L^ jii^I jjjj/^I ' 11 a . jijjj/VI ' . lShIL (jjjLaj V 1 1 jut 

. Cjlj_a Cj^iii J^e-J (jr^JLH f^?-^' Cr 0 L»^>- (J^'j ' LLaLi-iiajl p La c Ij 
(^ jh\ i JuLj uijjl ^ tSa JjL^ (jjUVl ^Lj}_LaJI pJLoJI iiLtjV (jt£ JL3j 
iLi!>VI (jr^ p-ll-*-!! 1 Jut ^1 o**i itsl ' t^Qjl Juz£ t»l JiJ i nT1 « »j^"<tl j^uSLlt p j dj 

La^-La-fl ' a ■ aj jJLu (j-lll-^ u n i"itl Ljjo-I lil LuLi i4_ujJij C^-lLl! JLsj 
(jj: (jiiAie-i (jl (jjj) I (jloi i^i ; LUj3j-j_Lo 700 ^1 

j Laa ' a < a ' (^al2lu LoJUx.^ i L^JLq ^^.LajVI j-i^l JL^-"i < n 1 .".t 

JijJI I JUfcj ijjj^-k 3 ^' '-^-'- 0 3 ^ k '_' <jJ gJ-^aJI (jLa (jU(-o Jo. (^1 (j ii o i"itl 

' *J '^'jj^ * "* j ^ ^ ' a-La-i (jilsi (^jJI 3JjL«ILi «u!l Jjj^sjJI (j^Uj 
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tl-igjuJI i_igiijJI qc 6j) AiLo 



3 1 1 nitLi jijji/jjLoJu jJa^ ■ a-i^aj <— _i 1 1 h^sj LUja I jlj . Schwarzschild Radius 
I la 3 ' d < a * _jL£Ll J^j-oi ' i dJ ^jJI j^pajVI dJ^r»o ^"Jj"* - **' < nil t _paj-dJ Lj-4j I 

^ VI i_£c£ <jSLI j . j^ul^, 0 , 89 

J ta.3 mi II j i_i_L»J! ( _ ;r 3 3_jLc 3_jj Ijj>.-3_jjj_i Cj^LcLoj JjjiIu (_yJ.II 

J->«J j<sJ I iLa -s!-5jl I i K c£lj£ p j"'^"' a 4j&laj uj (0^*-iJI j^J-° (__r^ ^J^><-> 

jl Qjjl ^j-S^ Lot ii>J-i3 f^*-^' CjLaj ^LUI jLl£jV! CjJLs. 4l^G La 

. Jjj-uI < ■ i dfiS jl (^Jjjjjj 
JU>.) £j_>J1 j 1^ 3 }| ' d i ga * (j-* (J-^l J 0 -*-^ j l^ a ' d i a * ^e-j-L^aJ LcJU£,j 
M-T^-d-JI ^1 ^_lt £__U3J>. (^yi^. 5j LaJ mXl (^j-A 4_ujL>JI ^£3^ ^ ■ ' t( JuJ '"■jj^ d 

jojcJJI (_L>.lj Sji^>.jH 3^m jjj- 1 > i ■> t_$jJI ^LaLtJI ( __ r a> (jjSijj h__;jj>.VI 

i ^ i ajldJ Jjuu (_ylll 4_u jL>JI fj\j Lclj_i^5 (jL^ pu*-JI JaLSu ^jl Lx-i 

<t3lji c. t j pj=-iJI <-". i^lq L$ji jl i3_uiL*iI 3 jUtl ouL£ ?l ■ ^ j • 1 1 

2 ^_yj t£l ^ 2 — Jl1_lZu jj Lijli j La3 ' a I a ■ (*) 

.4JUJI ,<^JI itS = til 
, (^La jljS I flJl 300) 4_ulilJI iJJ ^ i^j-tjj = j^jis j^jjj 

30- I I- 

jL£ 3 (jJlj^ = I0x2x 10x6,7x2 
(810 x 3) 

jLS 700 ^1 jj>. (j5fl La j LaS i ^.^'.) ji* ^LS 3 ,^1 0 „* Mill j la5 1 Luaj ^ u^>? Ii[ 4jLa 

.cjLoI jl^SILi jj-u^-xUI <Lt£ I ixui3> il^mi 

,30 

■ Ijn.^. 30 L^aLaTj (>-(jl ^1 ( 10x2) 

.(i^jlii joSj) iulii /^l^s- '' 10 x 6 .7 = (£•) 5_<m2 du> 
8 

. -LuLi / ^La-uxm 10 X 3 — (^j^ [_yj) 4 
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\ Ml tjJLufc ^j-UjJ^ 

(j! Jl^jo - j J I (jr-^ J-SI i.n tl i La i ■ ea 1 1 i—SjjJi Ot^oj . ( _ 3 -«j*_Lt! jjU'tl 

,j_o ^jj_>J! (jlr '*■ T~ji JLS cjLj^pSJVLa , p U -»~ j ^jUJI jJI i_ij£_pJI 

L^jLjjjjSLII C^JjIla! lii-pe-i 3j jJI ' " i La « i aj I j i4jjL«J! I La CjLjj" i h a 
5.^1 a \ 1 J_*_j p-Ij i ^ J **' *V ^ £yz \j-Jl& ) 2 dJ L#ji «L>.j jj 4(_£i_u^ (3^ 3 

.4jjUJ! LglIL>. ^ cjljjd! LojLi^. ijULl! .-.I'aj .v. 

t^l o in i cLa_u^ CjljLc. filLax i_dl_LA (J3^-i j^^ia-uVI cJrh^J 

JLa^aJ c_ujJlI1 ^jLiJI ^LLaJLl! (33^9 4jLo ijr I!^>. £-Lu 

.jojclI! (j-o-Ua ri p 1, 1 ,j-a (_£jj>JI 

jjJj 4_ujL>JI IjJajj i(_pa-ul Lajjs ^ .' 1 -""J J f^^?-^' J^-y LaJ_t£. 
^ 2_L)LgJ! 2_ujL>J! (Jjja jjl JLso iiUiuaJI SjLU ^^k: jjp La£ jLiJ! ^ic 

. jLLol 4j^iii ,2^c. CjVL>JI (_>-gajtj I -1 1 ■■ Jojj V 2 Sola L&LjI 2 U A I Ca 

mi jj ' aa j 1 (jl JL>.t ' 1 i ( _^aj^LI L^3-?^^ i—S^JLlI jj-* ^J- 0 cj^rj-^ 3 

j_i^>l_L«JI (j_o 4_lJu1!j lj^>- 4Ll2IU! q 1 nil ^Ijj>.^/I ( _ ;r 3 CjJLaJ La jj? 

Sj jj^ LLa^i-Ua (.Mini ^1 i n^.V1 0J-$-J 4_o^jl_>J! O i S ilaj \ {jjj (ji t<l Lu&11 
LoLa ^LoLc Lj j I ljr £ Jj.J_j (jl c-^a-J Lukj .3_lLs>!jJ| L^LaLla ^Ir 

IjLa* jjL?=_Ilj ^ji ^j-SL^-i V ilaJt Lga-lJ S^LLI 3_ajl_^_a :CjjLyj < o La jj < * 1 
^ j ■ " ' ' J II 4_Ljjl>i IjjJls. ^. 1 eaj (_LaL«JI I JUtj h>Jl»j pu LLlujs 

jL^jl ilij^. dilj L&jLtji v^jjlj ! ila iS^jLJ! 5-jjI n . ..II ^lj^->LI 3jSLaJ,| 

SjjJIj Q «-l (j-a Lg-liaJtJ (jjSij La Cjljjd! aJJb (jj^-J 2 ^ usj I 2JL>. 
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jJU! j»jL23j i^jj^jJLl 3! j-lILi ■ t— j -- i cjLi^pSLI^! (j_a cjLc jjaj*-a jJal jJI ( _ ;r a 

(jl£ I jl SjjLjJ,! otjjJ! ^1 I j La « 1 a 1 SJjUca 4jI SjjJI (>u Sjiajval! 

. L^L^^i Ijjjlj 4AuaJI jljll (^ic JajjL^aJI i. , j 1 ,1" V IjJj 1 LpLc Jai-i^aJI 
I jl_3 ii^jIj jJI <_3}Lo-L] ■ aHaeJ itf^jLa^u V I Jo. 3_ajLLa JSL! (jl j-lC. 

SjUs-l jJI 3j jJ! oLjjj^SLII oii-ljG JU>JI ! JL* 3j jJI (^lc- J^' >" 3 a-tiaJI jjL>j" 

. 4 _J_a_53 (J-aj>. 4j9 ^£ £-^3 t ^3 
(jj-^-J V i(_£j^>.i 3ji <_ 2o^>- La SjjJ 4jljL1I! CjLjjjjSLIV! (jjj^itj LaJLtcj 

cjljjJ! ((jjij^) (jLa i4jjL«J! L&jjj^s 4_ujjjSLI'^! cj Lc j otoII -^^-j 

J-J-3 (jj-S dJj^eJlj (jy^-JI ^J^-*-" (j -0 £ ^^* £ *-' £ ' I 'J ' I J^^" ' " jl 

. I j I r jJaljJ! 1 U i i^i II Jljij Jl-ic JjJL>J,I jjc j I uujal (_yJJ (_Ll«j (_pJlj 
(jl j-j-c. 1 jLiJI ,j-a Lc j^j-II 3_iJLu/ 2Ja^j- 1 11 U SjLU jLpcl (jSLa-i di! jJj 

\l .-^a-d'A j| , LjJ SLflaJLU CjljLiJI Laltaji <UAi V jLiJI ,jja £jjJI I juk 
j! La£ iSJj^ill 4j>.JJLII 2 .l.^tl 5jU.| ^_a Lc^j ^ j uu-i La » i 1 1 3_lIL«JI 4Ij1iL9 
i_l-l£jJLJI (j-c Ij^ji^ ' a LlatJ SjLai! SjjjJJI 3JL>JI oj^J ^ 1^.1 jJI t_^j^JI 
<ZjLuj^>J! j! o!j jJI (jj> 2_c j.ajs.a Jlaj V L$jl liilj .4jjL»JI oljLii! ^t^|, it| 

4_^j->J1 4juj-i_o I *l La (j-* p Laj * rt L»jj-a ^j^oS^J ^J-i i d I ' ga a tX\ 

lilj uLaJ (jl La^-fiLjl Ltia_il i La 3> ^ * ^jl l > Je jtj . I JL>. j j < a ~- « ^ \ t'r> JL^t-a 
Jao. l-gjjljl ma ^ olj^pSLWI 4^J^»J 3-?^ 3-J JiLlI 2 . t . T 1 ^| , 11-vVl 
(^Jj-lSLI^I «.j_>JI (jylc Lu/Lu/I 4^_ojt 1 nil 3.}LU 4jjj_a jjj i_dJ ji^-3ljjjl 

.l^^l V L^ 

CjljjJI Jj-lj £Laj_<j/jJll L^3ljl 1 11 a (2>C CjLi^pSJVI iJJUfc C^*- 3 
L^lSj-3. 2 al La J Ja a " >■ i '(4-:l3 tiJj^tU (jLC>i -5^>-J j»JLc (- u i aj) ^» t - - — ■ A T 1 1 
jLill) (<u-ul 4jic (jiLaj i^jJI jLiJI /jji JljOjJI ^3-Lll Ijuk i.iiml (jlll 
jLiJI Ja » ''^ (j! (j-aj-^S jiLjj_j| 0 'I La-jVI (<JL«JI C^jj! JLSj 1 jj^SLI V I 
(j^s jj^I J JU-aj S^liSLII j_a jlji^j-S^uajSJll SjLLI ■ La « 1 'a ^LJLij-^jijlSLI^I 
Jjl J-Aj '-^p - <-^J>" JLs-tj i*l_Ua_LjJI ^Ij^^l (jlj (j-aj .3_jj|jlII CjljLiJI 
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Jljljjj ijiLa-mJI ^J^><-1 J-U j-fl> j-o-^/l IjLflij 4_uLijJ! (_gj » ."ill jjt I jl ir-i I 
Lo— L l j . u q ui] 1 «Uu£ ' a * ■ <a 1 4_lLi£ J ilaJia «Lu ^_ua c\_u_u 8 , 7 l_t£. 

• jml Mill cUH^ i n*M cUJu£ Lai t^j u <a uill ^*^>- 

4_lLc (jj^j Ll^a I jl Lul (j-^>- i4ilSSLI! ajjui 4_uLijJI » ."ill («^><-ij 

^j-oAj q3j I j>! Lol * Lc1jj>. 1 5 L^jjj tjLCJ " o uili 5^ 1 ^ a * jLoj 

. (jLlisI 1 0 ^1 L$jjj j-LJ 1 1 jut jjiijuVI j»j-2J! SjLa (j^s jojtj>JI 

jlj o~ i nVI ^lialS ■ "j V 4jLa t(j eajjVI i *-^ s *>- 0 cr'l f^?-^' J-^y 0' 1 ^ L *i9 

j j" "~ ■ cLLsLIa I J j a ^i"i i q**i uiXI JlJj-jIiJI ^ " 'J clij^ls 4Jo*j»a 4 _ r JI 

jji-j^Lj o_a!j) £\_LaL>. Sl_^>. cj^xjj iLuL^j .sj-jj ^<u «LUaAJ! jujui 

d<-ajLIL>.l 4_o_j_t£. 41u_a ^j?e_l1! JL9 itillj) (j- 43 (J M*C*tl ijr Lcj . (jH r i ntl 

. . p a f T1 *1j-j>.t i £l£[ aj (."'lit i4_uj)L>J1 ( _^iajLi ' " i o la a 9 4_ij)^_lJ1 fiO^LcLoj 
I j ale j I U . j Lcl_4-i jc^c-lJI ^-jL^j (jj-tAJ iC ^i>*^' ^jjL^tAjVI 3jjj-j_t-£iJ1 
U Ljj (jj i ( _ ;T ^.jL>J! - I i a all ( _ ;r 3 O-SlLaj I 4 _ =r ILl t 3j>LL! (j^Jj • ( ^9 jjjjjj^J!) j<u-ul 
(Ji-I J) OJLfli (jir»J! Sj)Lc! (jl : JLjJUv jjiji 3j L: *- a (jr^ U * "*""' ^ (J^ JJ^I (jJ! 

( _ 3 -U! 3j)UI (ji dilj w Aj<tl I j 1 . 3jq it^l 4jLc 4jLi£. i5_Lula Sj-^-o 

■ 4 j I <<->^1 3j-_>JL1 c_t_i^jjj (j-oAj ifiUa_jiL>J1 L^J jj-o^ Lb^jj^ i till Laj-ljljj 
.4_l_LaIiJ1 j^t^LutJI t^^-i (j-o 4_jJLc 1 1 1 ii \ ^^tj ^ i < ^ \ 

tjnj Lo jLlc.) SjjJ,! 4^.jjJ.I 3j)U.I (jjs J Jiju 4-Aj-l«J! 3_ujSL!I a>l tail 

^jjcJJI Ja-fl-Lj IjlSLai . 3 J_lJj CJ-? 0 Lhii^^ ' ^"' <: -"" j<sJ (_yjJlj '((^J^*-^' 
i." i i ii j Ij iSj)JL»lLo sboJliieji JoLftjl ■»! liaAJI LgJjlLa 

jLJl!! 4jj_>JU SjiLil ' ^^1"" JIaj J_JI ( _ ;r 3 L^JjjSj Jjlj (-;r i>- iOj^xJuX\ 



182 



tl-igjuJI i_igiijJI q£ 6j) AiLo 



: 1 a fa ^jLLuL^j (jLiJL>. 4_l3 j-ujlu 4(j-\_a>l_r»o1 (JjL& jLu d La i ol jj t5> a" i u a 

I Ajj i ajj V VLaiii <_sji2j (j-Aj ol j-aJJ 3_a iLa (^jt (^lll La^j-ij . ..II 3JLv - 

(jH-jSjiflj'l pt>«» (jLa i LsjjjjjjjJ! jL*-iL! > LSI CjJLkj La (<s-£3 ^ JutJ Ij-Laj 
LaJ—uC p se Ml jj t-»"t cLjjlj-lLs 4or_uj 3j-uJJ 4_uo£LJ1 3j-fl>LtaJ1 aJJb pa > 
' *JJ • " Jl i>? j' (jK j i nlj JuLJu Jo-) (j ii n 4Jt£ (j-a I , 4 ^1 4jJj^ (_)->-aj 
jojcJJI «i_i_La» ■ La « i a '_' LaJUx. (_^3Ljj i La jjjjojjJ I jL*-ajl (jLi lillaJI »l n Ir 

4^LiSLI! J i -»"'» (_pLiSLiVI <_ i 1 1 n_i i(i>j^j_a jl) 4i. jir j i"itl 4l>.j_a ( _ ;r 3 
-J " - ' "" (J-a-LSjJI 3_}Ljj»±a n a ilitl (. . la, <Jii-a ^J-* (JJjl a ^jyJI jo. ^^j-JI 

i(4_j_iLii j uiC ^1 jo.) *JJ 1 d)^- 4 - 1 * (j-^j O"^ ' . tlaJI jL^-Ljj ii_jJL>JI (_£jjs 

1 jut j . 3j jjl 3l jj 3_aL£ £-o I jj'a (jjL2j 5j>.jJ ^1 J i aj (_,i>- jljijjj 
Ij La jj . jo-^M jLigjV! (Jjjs 4 jlr (jL^ La-a djI^jJLl jj-u^La j^j-U J-*^ 
3jl_g_LU SjLU (jl_3 idJJi ,j_a jS£V (jiUSuVI (^lc fsotil! j^>a 3j jJa j» Jj<J 

3_j|_c. JajLa. J'C Hi w I c 4_ajL2_aj joJajjj i(Ji.! jJ! ^1 I kLa L> J'C 
1 j_a 2 al LaJI jj^tlu 4ii3LvaJ! SjLall 4i>.mi <La J-LaJI tfJUk (j-^J .3-i^Li^aJI 
4^j_aj5 ^jl_>J! L^_SjjJa JLitjj <Ljj9 I ' La lo I £ ^J-J- a J-^J »(— AaJI 

jnti (jl <L>.jjJ iLc^_)_a £jL>J! ^1 jLaAiV! I j-A o' (l>^- <, -'•' <j-°J 

jLsc-fl-lV! ! J_A flla. Ij l ■ 'j La-Jal La ( _ ;r a (<U*-lII 3jLa Ci i njtj 

CjVLtcjs (jj^J (jLo~^/l J-JJ^ (jr^J 4 j i njULULa CjVLtcjs i 'II * j'a i^^LIaJI 

2 1 1 -> , ,.tl ^'a ^ 1j| /V ^ j , ajjg\ '» " a i al «S j i" i ""'■» rft^lll L^J L_2jJjj i I Jo- 
SjHil j A*. 1 1 jsoc-JI ^ISLa ^LjJj 4jLajjJ! a JJt (J^^J • *J J-*j1I 3_jjL«J! 
CjL>. Ij (j-u£1 ♦ Mil (JlLa ^ j ' uoLal '* 4^LLa ^1 ♦ ui\ J a"i i uj La^ i4jjoJa 

.^LU^aJ! jojJljj/ ( _ ;r 3 CjJLs. La^ iLaL>. 4j(j1/Ij 4jjjj|jJ| 
S La j-jj— ij i ii II CjjJUs. Jjlj i—iijiiSLI! (OOc-JI «c_JLaJ » CjJL»j (_gjLl! La (jSDj 
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jajo) (JSLlu ij^j ' A5^J*J^' O" 3 J 1 "J "' . ilaJI » ^liail »l <alf ) SIjj 
w a-Lse-ij CjljjJI (jjjLjaj) j«j>.^lluj iSjjjjJ! CjLc.lj.iJI jL^-u C^-o. ((jr J jLH3r! J 
C)l Lse i"i II Cjlj CjLjjjJjj_j_L]l ^^-lm w S ■ > icLo^^JLlj sLlIL-oJI C)l Ljc i"iI1 

(5_JI i ,i II cj! ; x ui II cjI j) iTiLjjijJiLiyi ^Lajjl ^ylll i3JjL«iJ.I 

. (j-uLjL^Jt 4_uj)L>Jlj ■ Lai i a II l. i j i u-1 (4jj>-j_IJ CiI tac i"ill CjI j) Cj LjjjjijjJ I J 
( _ ;r i 3jj-II 3lj_i (_Li.lj) 3j)jo.j_U i4_jJj^/I CiI <ij i n->JI dJjj ( _ ;r A Cj LjjjjjjJJ I j 

.CjLijjjj-JI £-a 4jJ>L»JI Jl^-Vl 
isLUaAJI (j-a 4iLala " j ' ■ aj «bl i 1969 ^Lc I'lliitl »l nlr . V jiaj 
1 4_o jjJa 4_Luu 7000 I J^c-J 

♦ i m L^jl ^_Ua3lj ,jL»_alj 4_jLulj l_A j_i_u j JL3 iSjjfoJI cL*JLj 4_j^j_i1j CjLl^ijj 

J-Aj mi (j\ Jbu i Lil ^jj-^J J ta ' 1 1 ^j^l tflj-J La^ ^jLLsj-i-oJI 

(^jjjj-lj («->>J i4_Ua_aL«JI 4_ujSLII 4 lj*C iVitl £JL& t_JLa • O Jj- 3 ^ * ' 

(^jjjj-u j4>j Jjl I JUt (j^J i(J->-a^l ii j" La J-A ^*iU la 

ojju>. (jy-i-It (LsjjjjjjJI) sLujSLII 4jjI£LII <U.»aI jJljjj . 4al uu^l 
(^jSLII ^Uji/VI (j^s '/• 10 LJ j»jl2j L^ji ^ njLLj_<JI (<uju-u 

. LoU. Sjt^if i^JLtJI 4^LkJI 
5_iJLi i(2 ■ ^ .*:.<* ■■■'!) ^LL^aJI >*2JI L^j j=.La ^1 vuL^ljjdl ojlSj 

SJljvj 370 4 j '^j^l J ' Lq_Li_i *Lil (jfijj <-i^p- 4_uutVI 

3jo.j 100 i < 1 1 '< j a .(jLLsj-tJI jojJljj/ i^jjJLl j-UI 4_ul_i!l ( _ ;r 3 ((jjj^fl) 
L^-iic j I Laj ( _ ;r i!t) 4 1 1 ill i ii U SljJil Sjjcjs (j-o Sjl>.j 35 j i(j ii n i"itl (j-a (jjj^S 
jJl^j 4-^1 i n a l_t£. JL»_u ^IlIIj i(4_u_u_j_a jJjLi ^JLjlJI ^^JLl^ <■ i i 3 1 a ^_*-ul 

. 4_u ^ i <■> d i i n ^_Jlc_j 
4ajjt (jr^- C 1 -? 0 J T ^ '_' I JmMoJI ( _ ;r I^.-i_3jjJlil J-;tC. (j-a Jlj-J 

^jJ jj>.IjJI i^lj-II q\ ^^jlj- 0 J^tW- 1 ' J^*" ' cr 1 ^ '-*-'Th 1 ' '- 3 > 1 >^J- tu 

Cjjtjo ( _ 3 _UI 4jL^JJI (JSLii (^yi jjjj jJaLS (J-oLc Jp-jJ 4jI j-A iiiiiill »l o Ir 
I , 4 ^j^a- i .ill (OjJl liiljj SJjSLII Lgjl isGjjs iijjJa JUJLso ^1 LS-^JiJ ta^-ilt 
(jl SjjJaJjl 4_o~Ll!I (j-a^-. (jKj i iiljJijLi/ Jl>. (j n g i"itl 4]j^ j JL3 

ijLSLu »lj jiLJii jl>. (j^o J^l («^*-iJI oul^ I i Lsjjjjjjj/ jL*Ail clul^j 



184 



(«-c.jj 3_u jL>J (JjL^J! ^LijjVI (jla jijJI ! jut ^ ^j->lj lij Lai 

3^^jjtll 4JLJL>J| jjjs jojLjJL] i^CLu jL>- (jjs cj^LaVI ^Ji^. i all cjLijj^a 

. I Laj i uJ 3.ilJ.I ( _ ;r 3 CjLjjjj^J! =LujL>JI Sjjs j_u G (jl 

, U ^ a j .cLLaLi. 4_j_iLajj/ <Ub Lai? L^jljj^ j i" i n"j i^a-cJI (J_a^- CjljljLa 

i(j LI ■'•■jj^ a J^>-) (jr^Ljtill j UStl i ^ . ^. ■ ij«jc_lI! j La£ I J-Ly LaJ_t£. 

Cj^L^VI ^j , ,. tl ^ I c I * Nj ^ ^ La S LgaJI CjLj^j^flJI (jSLaljj 

(jl Jjlj (j-SJj . (^j-tl (ja^-JI (jc li'i'fcj (jl ^ iij^j 4jLa- i ii^ ii j"i 3 

(j^o (_jj^>.| oLjajo.3 3_j T (j-SLgJUi V i^^jLaJLlI j La all i j«j*-iJI jLocj 

jL±#jl (j-a (jyjl-KJ La La->j (jl_l n-dla]| »l air (j-U JLjI i .ill \l Sic .Cj^LaVI 
jLi£jVI (jV 1 1^>- (j La- -Lai j->JI tLjj-tS 3_jjJiu o-JUjj (_£ jJI-(JjL& ^ jL>«j 
(j-utjJsJI JLs. I jj* J->JI j^j-a oLsol ( _ ;r 3 Jo ■ ull S.iU.1 (_L_i-a (_gi) jLrtlll 
. (ja£Lll 4-^LuLCj_a ( _ ;r 3 Ij-^J^ 'jj- 5 '-. ' + L'J s Lj-"Li-"^l '^^ijr!-'^' 
I , 4 (j-a jil^Li (j ii n i"itl 4jj£ (j^. JUj-' ' iJ ^ ' f 1 ^?-^' 4Jt£ (j I LtLLaj 

, .Joj-ul i . , , 43 Lo- 4_)L$J (^jJI ^j?e_l11 (J^-t-o (JLaIo-1 lill *ja *5j-a 

Event Horizon taliAll 

Ij-i-J (J_La_u_u 4jl jJLljj tciilaJl ^LaJLc j-J^t-i »1 ^ i nil * )j ^tll jJLl (Jlj Lo 

^jjjV! ■ t^tll (j! . (j^oSLJI j1j-i_ol * * 4_a_}LoJ1 Cjl j i i nil (j_a (Jj^Ia JJjlI 

(^_3 4_t£[_LaJ1 j La * ) J- C 'I (j-* J p * 1 ' g I tia^JI (^y^ (3^*-* (_£jLa-*-u 

i^jlUsUI 31jUtl i^jIjJLuJI J}Li- VI 3j_ull SjjkLtiJ! i> jut (jiSLujoJj .4K(jjSLII 

(j"l ajU SjIjJ sUSLiaJI CjLcjjJsjJ.! jj^I (j-a j-UsLsJI ojSaJI (^ C^a&XLal L^jSLIj 

' dlflJI »l air (jlj 
joJLc L^_l I jJLj JL3 i>ljJ-uiJI l— IJ-a!iJI Sj£La (jl J-a^l a ^j^ 3 * 

jlIs . 1798 j»Lc ^ Pierre Laplace (j^^LiV j-^u . ..'ij-aJI vZjLlUsLjjJI 
3 3e i ii 2 4_j_i!iL>JI 4jj-Laj ^1 JL^-**i i nLij 4«La_i£jJI CjLljj->JI (j-a ^ j i n tjaJI 
uinu 4jLb i Lu->-a I JLs- 4l'jTi^^ 

. 4^t_La_*_u (j-a Cj^JsV! (j_a ^ j-LcaJI ^j^>- (j^-a3-i (j-Jj 4(^^-3 

(jf VI General Relativity (jj i^, mV 5^L«JI 3jj,„;tl SjjJii (jc u^MjV *IjT 
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ijr J 4_>LuLa 4jj-<-u^M ( i 1 1 (jLi LillaJI ^LjJLjlI ^_tlaj jJLlj . 1 uu a ^jLlill 
ji SjLa (_gl jl djjiaJI (jSLclj V li^pcj Lg-L3 SjLU CjjL^jl »l i^rill 

j«jc_>JI Jj£ J < i"i"t V J)lj_tl oj_fl> <j^-Jj . I g~ i <i j q ,j-a ^>==J (jl ^Ls-J-U (j-o 
fljl j '1 1 jl j-dJ 4jj jLtlll SjjiJI (jl ^ jJI (j-o 4JjlJj . jjjj/^M i_jL2UI J 

,Ji-b 5ll«jeJJI 3j>Ltl oiio LtLUj ojjj/V! L.iS'itl »l iVil oj! (jl)! 

L2iLiA jjJj <jij3 i(jjj-u^/I i_JiiJI <taL>. Event Horizon iijijJ! 3^' 

.Sj)J_4_uV1 ' (.51111 ^*J>. ^£ jft£L^fc_L) (_£J-J! Lfl (jj)l . JJ_i_u^/1 ' I 2j 1 1 JC^EJ>. 

(jjijjj nijJL>JI (Ji-ta SjLtl £ L»-<1^ (jr^- JSjj-u af I ' ■ ■ alill (O^s- (jl 

Jiitll (jlr t_4ju^ill (jjs 4jI L-3j_iju Lufcj . jljll dJJt d I i uu (_£ j-JI ^*->JI ^Ir 
I ijlr ij_aVI I JLA d Mi^LLa j tj'i i a t (.^-Ij . 4JLuL>JI oJLa> J • Sjj (jl (_gj uioJI 
<_ . ii"itl (Ji-lj) (^1 4-l<ia1II SjLU (3^JJ Cjj a' i ..I I jl : Lu-aAii J I i n't (jl 

j UStl i ^ . ^ i JUjj (j-^ 5 " ' . ' ^ Q l~ " ' lS 1 -^' cJsjJI (jtJLj jjJi i jjjj/VI 
(_j-La (j^Jj i3jLii! LmlaJLa JJ-JJ (Jlj-i^JI lj-fl> S( jJjLJujjLLl/ Ji^-) (^ j)L*-JI 

. ^IjJJ-oJI * 1J Sill I JjLtuJI jjjjL-U^I J_A ^Ija-lXI (jl^ 

. (jjSLjj jc-aj i jj_i_uV1 ■ i 5j 1 1 cLjlj-lLs (j£. j-i^l £i3c ill ^£ s j Laj i * (jl (3^9j 

iijL>JI (jj^l (jl .i)jL>JI : ±^j-u*i\ • . ■ 2oJI *ljj>.| Jjl JjJLalLi 2 * i ■■ 

J-r»JI I juS> (j£. (jl f-jjrUi (^V (j^-«f ' J>J-<-uVI i. iS'l l J)jJt>. 

jl (-J i^.l (_,JI tiJj^tlj (jl »j iMI (j^njl (jSLd^ iijijJI ,3^1 £jl^ "I i»j ifitl 

,3^1 jj^. ljJ-»J «JjiaJI jjj^a (jt£ LiKj . J)jjjVI l_t5lll (Ji-lj) (^1 

Lol . JjJj/VI l_<JEll I (3*C (^1 t—ll JUsoVI ^J^- (jr^ ^l-j>j>^ cU^5jj3 CjJ>lj I 1 K 

w I C I (^1 (jj it— kSj'j i ii liaJI ilLtjjl (jLa iljL>JI ,_j^l 

. Jjjj/^/I ' . ■ Sftll j^j-o (^l ■ La j j_* ji ' r I LtaAl I ^1 I JLlilj 
w I c r* I ' Q 4_Llqj_u) (_5J)Lo p i n-»J d 1 1 n itLj j^l-^l ' d 3 1 j 1 1 I *jj ' aaj ^Jj 
d Ltd i (jl lLLJ j ' JJ ' a3 jjx. I JLjjuj l"- 1 ^?-^ (jj^J ' " J-*^l (jl-3 i((JlitX1 (Jjj i ii 

Lg_aLg_U1 ^Jl^, JLilo^l (jL^ (j-*J i^j-UaJI cLcj-i_u I j**"~j ' ^-^p (j-^ -* I LcaAll 
<L^-a«.| j_j (_gjJI (JLtiJLvVI (j-o Ij-J-J^ (jSl I 'I**"* j-fli i J)jj-u^/I (_cSoJ I 4 ta i ul jj 
w "i l_3^_l>.I Lxgajl jj ' * ^j . Cj J_>JI (3^1 (j-* AjsI i ntl O-il^ I o ^ rt j tJaJI 
jj>.Ij 4 1 Jl>. 3 JLjju 4j3Lj_u_o ( j_a jj_i_u^l < lSoJI t ^Ij- 1 I o i^jL>-i i (jH ' 3e j-Ii_i 

Ljjj-c Ioj i"i dka-jVlj (jj j_ii.^/l IjLflij . j^jj,l J^e-i LtSJ-La 4L>.lj) ( _ ;r 3 lLs-S-i uj 
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J it'i i ii U (jlslj-laV! £_a) CjJL>J! IjLoca ■ La j j j J-Aj i^J CjJl*j 

c- j ' ga 1 1 4_Cj-*_u jjjjLloj ^j^aje gill ^Ls ^aJj . (^j^?e_i LL L^lj Lp* ^J^^ i 

(j^s ^>!Li i(5_ulil! fjjz jl* L-ki] 300) j>Ll«J.I£ ojls-jJ iijoJ! ^\ j_lc 

Lfl^lj \-u\h g j ' ga II ^j-u_u JUjjlj J^-*-"*! < uafjll t p^"*" ,".tl ^j) 

i J_t - o_u_u 4jI_3 4 _}a_<-u^M ' (JllI I Q c jjj-^ ' ^ J ! U? 4 -*-^ O^ - "* - uijj 4_t_*_u_J Ll Lat 
(O^a^s- (j - ^ 1-1 «**' *J" I J J ojsj 3j)Lc jjtJ-J)JJL»-a cJsj j^J-tl (jrll 
i Jjj-u^/I ' -i S tl (Ji-!j> Jgi3L/-aJ! (j^aJt-uJI (jLa ij_aV! £-^lj (jr^J • Jj-'^VI ' ■ ■ Sftll 

cj! <i j i ii -v. (jl j-Aj il_S_iL<j/ oLijj_S (_gjJI ^L«JI Ijuil (j-a j-Jb V I jut 

_}jJL3t_a 4_jt jj_u dt^J i _ ;r 3 ' aaoi _}a_/_u^1 ' l2oJI ^Ji.lj) JaJL< 

. Finite 

4 JLxjlj jj-a J)a_/_uV! ' t-Sftll J_t-£5j-j (_£J-Jt (jnaie uJI (jLiS ilj-A jjja i^-J^ , - J J 
(jl— i Jj-23 t^"! ili i 4_aL*J1 d j 1 1 n itl 4jjJiaj ^j( &tJL2&£ . I * j-a^/1 (JTj j t n 

g.^ uj 1 d i i ii i tl_i Ltiajlj i3j-u^ cLc,j-*_uj i_dj^tjj SjLt d 1 1 n itLs LLsLuj (j_ajJ1 

(jLa i ( _ ;r j>.jl_>JI i_i_aljJil j-ta-i il -#>- w 9 (1>*^ IjSLaj . SjljJuS/ 4_uj>L>J (jiajjlu 

4jJLs. Jj^l (j- 3 Mj-^' I iK i. i ii"itl ^1 (_gjJI ^j^-> uJI 

(jj-Sl jn> i"ill (Jj-^J ij^- JU^aljJLI 4-j-cu-lILi ijjjsjJI 

a 3e uul ^j>.jL>JI JU-^sljJI j i n LlA . LaL<u ^j-fijJI t a ) LlAj i d unU 

jJaj £ Wj^>-j (j-o i_ia Ji^ lLij L^J I ^j^^- ".t I (j-oj (j V liilsj i LaiLa^ tfj Locj (jj 

>t y>.jL>JI ju-^ljJI 

(jj 4-j-Lg-<JI 4_ljvL(JI (jjs «bl dilj) Laj JUa (JjLuJI JLUI (jl 

3_uj)LtlII t lj_< l j>JI 4jvljVI Sj & I Laj ^ .i i n_i La <_u i im liiljj i(j)aaj/^l t_tilll 

. Gravitational Red Shift 
i_i_LLaJI S^Lai. JLSjjI i«Luj)L7tl)l c.Ij_<ij>JI sLs-lj^l 3j_aLLaj ' ' =a 
LjJLiLo i ea II j ) i a a t_jjJLal I n I 's' 1 ^ iCjL>.j1I JI^Lal (j^aLij tfLsol 

Sj_aLLi J)l J)j "i i ii CjJ_>JI (j-Sl (j-a i (rj Ltajl d jlr . U I , „ t lj - U ,1 jll .^.tl 
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j_;tj < iulaJI oL>o!) «!j-*j>J! cjjljjl I »iK =GL9 jJ>.] t;r l«-4J . ^1 < u] 

. ^^yjj-jo ^ ' "^JLJ LaLoJ * (_t^>* * 1 (Jul I 

^jjj 4jl ^ j j 1 n'q ^^jLiJ! 3 j 1 .1 ilLi La I oja^ cJsj 

.cjjl>J! 3^ (jjL^j ojsj 

I r I 0 fr^L£ : J I j 1 ill I I jut (jlr 3j Lv^/I ^(j^ ^ ^ &£ ' '■ J*l ' Lufcj 
(j .ijl mi'm^ 3_aL«JI 3 jj 1 ..ill 3jjJij <. 1 1 ,.->. «ui jLp£.V! (jjjuWT .3^" 

^1^, ^ ' ^~»- uJl (j-* ^L£-3 • r* 1 L^aAJl jt jj-aj-JLs (3 *** M ^ri^ 3^ rt *(jr^" 

LlLjjJa j j"hj i)JL>J! 3^' i^IjL^J! 3^.j_<jJ! ^1 J ■ aj (jj-djj i ii ttl 

w '-^ 3-^" ' "J ' " cJ^ 'L^J-^' ^J-* ^jlj jj-I p i n~»J1 LaIjUu d La a * ^Li 

t j^-a-La Oj_<-uV! ' . ■ SilL! iiJL>JI 3^' ^La-ui (^i^- cr*^' CJjI^^J! Lai 

33I ^ j", 1 1 1 a i 3^»jj ^jjjij JjJjs. (jl L^jjJij (j-a (jSLajj (jla 

Spacetime Idea & jJI 6 jii 

njLSHIj (j-ojJ! 3j£Loj i3^L«J! ^ j j 1 n ill SjjJaj <j] ^1 <" 1 a\ jlSJ 

^1 i((jji3JI j ^LijjVI j (jIsjjlI! j JjJaJI) 3jtjj^l jLuVl JoLujLi 3^^ c?-^' J 

,ui^ i>j I j " r 1 (j^Lflj (j-ojJLa .(jjSLI! a »j jU ^ ^ .it ^jjj-Us njlSHIj (j-ojJ! 
3Jj>LiLll jLkjVI J£ (^ic: LjJijac: (j-oj-I! o' ^ (<HJ 'f b 
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Curvature (jl£LUj <j-°j-tl ^Jljo <^>c 4_oL*JI 3 jj . ..ill 4jjJiiII LUajl Liijjijoj 
w I c jLU ^j*_iJ! <_a!j^c_i! njlSHIj (j-ojJI i_jjl>u ^SLli ^jl>.Ij 
. u .I g 1*1 It (-;r l^JI i— i tl cjjjls. «Lul 4jj/LjS (j^Lx-i (_gjJlj (j .I a 4aL>. 

Jljs.) (j—Ol -r " tl j_La_2_!l jjLSLUj (j-oj-tl i_)JlJO j .' " * 

i jlj-IaLi -il-ij-i ' *T**» II lj-* • t-^9- jL ~ c - a OjjuiVI L-cZull ( JihLJujjLL"/ 

( _ ;r ltl 3jUI (jl (_j-">j I jJtj i Singularity j>jjj/VI t_Jiitl j^j-o <j-o Lujial I 
I a^ajj.^jll ^ SjL^i V La L^li£ 

^j-^j-JI L^-l^ i La I" Je * d S La '> * 4jI_i _}j_i_uV1 t < ^**' 1 1 j^j-a 4_aL*J1 4-u-uuJ 1 4_jjJi_) 
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Black Holes i£ilt Mfnlt^ 

Tides 

(jic jLjJI <LujL>J! jjjLj (Jjiti jl I nlf i Jijj-u^I 
(Ji.! J Jo i all =L«^a i4-2jLc ji-l (^Ljj^S ^aJLc 

V L«j5 . Jj_<j/^M ' _i ah II (j-a-C jo-j Cjjl>JI ,_j^1 

jj^o * ' fl-Jl iJ3 JI * (J LJj^u ' " 4_j_oJL9 jl 4_l3 i *1 mi 

(jjjl 4_LjL^JI 4-j_ijl_>J! Sjja Q^'C" < ii Liajlj i^Lulj 
. £ Ljj/Ij t_)JL>>j (_^<JI Sjill lLUj (jja J^l cLloJuS t_! JLso 
jjj->J!j JlLLj tj i n i La jJt (j-G ^ILJI (j-uLfc (j-\_i Jjj-illj 
I j-gJ 5_a_Luj .Tidal Gravitational Force ^jLaill 

IjLo Jjjj/^/I ' . ■ Sfill ( _ ;r 3 Jo^j^JI ( _ ;r 3 Ji-Lj j<u iljLx. 
JL>. G dll j «L£jij . j^jJi! ^a-i L*£ J-Loj CjJL>J! Jj^Li 

j • ' ^ ' J d o i n~w J^se i im^ jlr 4_a_UilLi » )JL>J1 j£ 

jl £-fuj J^J^ ^ .' 1 j' Cr'l a ^ s ^- > - 

j-u£L] dJJj ' ^— ^ i ii ^jlaJLij . L^jjjjLi 

. dU!} 4j-i-uiJ Loj stills JJlX-1 ^1j^>* (j-° 

(<JLj«J! ! jut (j-^Mj ^ JjVl J_aL«JI j>^J 
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^ „ 0 ".tlj j -i all j j"' 1 " 1 .' i4jjl3jVI Sj^II ^ta i ■■ <J53^ jj-^'j J-ll SjjfcLloj 

<_i-SfLl I (j_a t_!j_2JLi Lol . 4_jJLc 4jL«U 1 a-jJt-L^a L&j_uG (jl il (jLjij'^! 

3 ♦ M.t) 5 j r j r oil 3»miV1 Jla 4_tiLc 4^l_U j!i ^1 ♦ m.I L^i£. jJ^Li^ iL$3j1jj>. 
Lj j ^" 4_l-Ll-cuJ 1 cL»-lL ^ 1 ClluJ 4j t i LbLuo* JL>. Lj t 

i J)j_i_u^/1 ' lSoJ I J->- C_)J_>J1 (3^1 (j! • 1 ^J-C- (J^-tTu-i LLsLuj J)J_i_u^M ' lSoJ I 

i^j)j-SL!1 (J£LJiiJl j-itlb cjjl>J1 J^Ij •e^J^^ fa-ILtJI 

i 1 JL>. j-Jljus 

(JSLI iCjIjJLo 3 ^1^^. j-^JJJ ( ' Lj^ '^'JJ^ ^ L - L> ") ^ '^j' <—) JL>J1 i j-Li^ 

(j_u_<a_tla] 1 4Jb£^ JllLo t I 0 4HJC^ J^^? 0 tj^ -1 * 0 iS ' * (J-"-4jjJI <Uc£^ ,_JlLa dJU^ 
( I 0 X ^ 3) jJLa 30 ' d-t^aJ (JJ^Lj CjJ_>J1 (jL^ i Jij_*_u1 i . • 25 ^1 

^ j i aAJl -I .^Atl _iL^j V 5 , ,. ,t! 4j^1 , ,,1,1 

^aidJ JLALuU-ulA . q^jlI J-Aj Ji^j_u^1 ' i 5j 1 1 La ^ ^IjJ CJJL>> llijj 

(jj-SLjj iCjJ_>Jl (j-Sl ^?c-t]1 till j t-JjJl^l 1 q K ij-aj>.^1 J 136 - 1 



■igjojUl i in''ill { Jz>\± 



«L^j-j>. (J-a-seij-m cQ_u!iL>. ^j?e-lI1 ^aiSj J-I*a_u Jlj>JI (3^' (J-° J-£r!^ 
,CjJ_>J1 3^' ^1 J-t-aj -iLSLj LaJ_Lc Lal_4-i JLa->u JL3 (j^aldlul ,jl 

4jL11 i _ ;r a J^-lj (j^ (J-^J i3j ***' ' "J " 3 uJI *dJli^ JLLat I 0 4IlL£ ^Lfi 

^ ■ i J LjI tlijjl a j La a ' a_uaJ jLljej ,jl Jjlj lIU i3jL>.1jJ1 cLuLjJI 

L>*3^ ^ 3^ ' * *~- J '-^-^ 1 3^ ' (j-* ^-H>-^ 1 La-l£j i £. j-LgaJJ CiLj^j ^a 5_i 1 ^JilaJj, 1 
4jr a <aL_oil ' gLc<aj £_LaJaj i*\ Ac Cr^l J -1 ^ O' L - l iHJ jLLot 

2uj1 jJIj 1 jTl^llL-u 37,5 4iJlilJlj 1 j^_OL_u 75 Llll2IL-u 4j^u1\ 3^1aJ»JLa 

CjjJl^s Lq ^ A 4^L_u_a 1 d^ea-l <LaL_u_a dJLLA La ^ J J^in,a , , IjTut-Li-Li-o 1 8 , 75 

' \j!j2llui dJ_i£LIj i*-_)LJ1 jl_jIL>.l ijr a tila j_a 3-^- > « j (j-J l£Lji ^ t . » il_J1 tl^uj L ^-4 J 

(J^>.J_) La j^aje uu Li.Ll.La 1 j^a JLlC CjJL=*o icLSjL_aJ1 SjLcLSJI (> Jui (J-oAjj 

i-ijJ^- !>Lj ^Lj^Io Llaj cut till jjuj > n'q oj-^Vl c-x^iiJ JiiJl>J1 (3^1 
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.(^.jUJ! JLt-^ljJI J-laj d (j-a La O-Sj ^^5-^ LaLaj I J-qJ^-a 

LjLSLa jJ-lj i_jJlj>JI 1 (jLa '^tH^ o- 3 jjj-"^' <_c2aJI L£ Ijlj 

(_gljJI (jiiaLuj i^Jsjll \jjt ^J°> (jjsjJ! i_kajj 3j£La (ji c^p- 1 l-^j- ^uj-^ 

$if (jJI i£*aJl Jam Uj»^ 

S_j| ^-j-la-j 1 ■■" Vj ijj_<j/^I ' _* 2 j 11 jjJjs. jjfc CjJj>JI (jj^l (jl Li) ~ 1 aj| 
j^j-a j^eJ j^JUj (jl c^-^cJ I i*C I j i^jLjJI ^1 4l>.lj i-Jj-^J (jl CjIjLJu! 

(JSL<I/ (^ iijir»J! (_j-JJ '^^-y 'j''" 1 ^ o' I uloj& jJj . jijjj/^/I * . ■ SfLtl 
. (Wave Front 2j>- jll 2-a jJLa) j<u-ul I gal*: (jllaj > I j jjj/ lLs S j I j U , „ gj j jj , a 
3j-^ £_*_uj_lj »l jj 1 11 1 1 4_LaJL_L]l (jl Jljso i jjj-uVI < t-Sxll (jj3 (jr^J 
<■ u-uU L^jtxla j_a j-J-«J J jj-u^M ' i2ul\ (j_a OjjILsI 1 a K (j^JJ < all $. j Lail 

iii Ju>J! ,_j3l (_j-JI « J ' a] I Jlji- J jjlx-4jj . L$J (_pajjLu (_^J-JI 4jjL$JI 4-u jL>JI 
. jjjj/^/I <_ . Sltl j-\>° J-^^^ (Jj JJ>^' ^jU" i m"i (jj 



I i i jj S jjjj/VI ' _i 5j 1 1 j^J-a ( _ ;r 3 JU>- jj (_g jJI La '.{J»l i n" ) (jl (jVI Ll! 
' . ■ 5-JI (Ji-1.5 iCjJj>JI ,_^3l jLlL».I L^J (jSLal JlS r I i '"' a 4_Llojj/ LilLut (jl 
. j_?j_tl (^yJJ (JjL* ' ajjLi c-iJLa- u < ii L^jLa jjjj/VI 

* )J_>J1 CjIjI—U (_£jj3 .il-i^J i-ij- 1 -"^! ' (-5H1I j^j-a (j_a * La_Luj 

. j^jJk! (jJI }L*3 Jj^aj (jl (_Ll3 i LaLaj ^x-ujl L^j I (_^1>- 
Jji i"i * l _ r i^ (J-«-»J (jLi i4ijL^J! *LujL>J! OJLA ^jLaj (jl d ijii i ill (j£La_ij 
isLcjj-L! 3_jjJi! CjIjLljJ! j_ljG (j-a t_!J^JLt SJjLa^s ( _ ;r 3 L^j^cjs ^cjjIjj^j 
SjJLflJ ^^IL^JLI L_Aj-_j_t-£a_a (Jj>* (jt (^JJ-o Ljj mi (Jjt-flj (jl ^IaJ ' (j-I L^iSUj 
4_al_«JI d Jj i ii ill 4jjJiiII LJ j»JL2jj .4jjLjJI (j-a Ujj>- J-Lp iljL>. 5j J i a 3 
J-><J (jH^' ^ fljaJLl I liilj i jjjj/^/I ' . ■ flfiJI j^j-a (_jj3 JL>- jj LsjC Sj£La t(j-Li ui 

• jjic <Laju aJ V La j_AljIiJI (j-a 
(<lj^j»JI (»JlJ(-lj citjjs. i Jj_<j/Vl <_<-S-i 'I 3jLa J£ ^Ijlu j^j-ll I (j 
V jjpJIj J-LI CjIjLuj iSjj JL»-a j_lC 4jj5lj^ (jj£jj j a i aU Ljjl i u a ^ J ' 
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igjjjUl i in"'ill 



CjLujj>. (jjs (jjSLli SjLU (j I lii-O* iSjLa 4jI (jSLa-l V Jijjj/^/I ' ■ i Soil 

( _ ;r 3 Jl>- V till j i4_Llkji CjVL*-oj JjsI ^jlj Cjj_uI ! jl iSjLU (j_o C-u_lxj 

.(JjLoJI ■ " i o ^j^'C i ii 1 1 Ji^j-oVI ' l2HJI J) i c 

SjLU [j-se i ii" (j-Ij • -Sj-j-u^/I ' . i Sflll j^J-° Cr^ 'LuL^j^U! 4_u jL>J! jjp-J J-o 

''"'**' ^"j i~.^-»- ( ijr ll! S^LtLa . c_tjj-c j-ai LLa Ji) Jl?c_u_uj . 4_uL\I1 jj-* ^j—?* 

(j^L«j V <Lil JUs. ^1 oJ^LUaj JL3 S^UI jl iL^jjLxj 3ji^>.j^ ^^$2 dJJi 

aj a i Tl SLo-. j^jCu Lj^,J t^ljij i ntl ( <j ^"i 1 1 Lti_jJ_r»o ijr 5 ^ (j"t i ii ^ ^j! 

t ij! ^-^"J A^-il^JI 5^ is) 4_j_s£L) LIa^iit_a 4(j\^.j)j JLi^JI ijr 3 ^J^.Jlj 

o^jJI j uaJa I g K 3_LlSLJ! ojIj}! I ^Kj .«LLa ,_LaiiV! j-^LuJ! 2U^...> 

3j_cu i- 1 j i Hi sUSLxj 4JjSL!I j-fj^ jajaJJLs i^j^/l («^*-i-J! 4l>.jjs ^LxjV j»j^LII 
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d)lj-js j mi » t qii tj ilitl jj-* 3 J-^' t 0- ? 0 ^-^H L ^ Lj ^ ijr^ ^jl^-* 1 "^ 4_lJ^a_Lll 

4jJj£ ^AjU (_g jjl jO^=-Lll La I . sQiajJI Sjii! tfJUk ' Lcaj 4JL>.j_L! (J-ojLi ^Ja Sj 
, «Lu_o tj^^ ' a • a ) ' a * LLaj ' ' ^ J *tj " a uJI cLLi£ 0 , 2 

Jljs. ^ i a I 5-3 J ■ a_j LaJ-Lc i^ojaJjl jji-l-i ^jjij-lII Cj^LcLiHl! IJ-JJJ 

l_AJ_t£.j i4j^ILa «L>.j_} ^j^a-ila ' d i a * ^Jl 4_tL>.1 jjl 4jj1jj>. *^>-j-i (j^S^jj &\Ju& 
Sj!j_>J! 4^>-jJ Jj-aj LaJ_t£,j . (_£j|_ai]l ^LaJijVLi ^jjl iti ^jJI (ju>.j|j JLi^JI J^cjj 

jaj-j-LgJI (Ji-JJ '^aJ-a 5j>-J-i OpLaJ ^1 ^1 (aJe-tJI (J^'- 5 

j-i^sLlC Va^eJLa (_£jlj^>. lSJLJ-^ J-^-LAj (jj^s. J j I ^Lajjl JjLj 

(^-3 4_JL«JI Sjlj^>J! iU 4_l3 J-iLtij ^jJI cJsaJI (jjL joj .JiM (Jj^s-I 

C^*-^' (J^^J (jiLaSLiVI IjtSL&j isLujL>J! Sjjs £-a (OJc-tJ! (Ji-l-i 

1 aj-iiaJI ^ uu g I L^aAJl ijr 3 4Jil*_a ilL^ ^qj?e_lI1 ^_u-ajj 1^ 1 h^mjJI £_jLnJI 4JL%.j-a 
0.5aJ3j (_L£ 1 <H j*< , ,.l jjs Qa-S^i f^? - * L$3-iLa jjt LtJa^J 
^JLc ,;Laj^>L! 4jJaLi 4-j^L^ Sjlj^ej ■ tal aja. VI ^-jlalS 1 (jJ jj-aj 'i_£jl_a-JI 
iSj-jJtj-a ^j?e_lII l^jj 'L^J-^' ^J-* u"' a^* ' I l^^-Aj 4_o*jL>J1 4jI 2 Ja 

L^aAse )l ^aJ (j?^* ^j-;ULj^ aj i uj i i3j!j->J! ^u-i V \jJt J^LtcjVI Jaj-Lla 

.ja^UI Sjlj^ ia-jj 

>-S-fl-j (J^La_lV! JaJi ■ *-» nj^jua ^J^>- (2>^ (*T £ Lb^ ^lljlj I Lai 

La^ ^j%_cJ1 4_Ll'iSo - tal flUa. VI g-jlali 1 uj V I j£L&^ i^x-JI JJij l. » j 1 iU 4JajtAa 
. Jaj-ul < <7T\ ^1 (<u*-lII (J_a^tlj jaJ (j- 0 ^ '<j-* 
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igjulJI uj&ll 
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t c 




i—lZlJI t jj^j^ 3jUI jLi j'-l :(42)jSL t ii 
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* "< 1 1 jLa_jV 4-j-alaJU (Jj-^l J-^' o' J^-ri 
j! (j A-3 j< I a II oLjjJilll vlij^.! <_cui3.-(i|jjjjj| 

»1 air ^JjLoj (jr*^ 2 <j« . ^.tl J^SLlj .jti^ uJI iltl^Jlilat 

. L^jjjij ^SL^-j V i nil * *j 5*1 1 1 ^jt iLdlAJ! 

(JJJlaIilj liilil! »l air (jl 5 L^l iSuSl jalj (j 1 ^j^' a 

iL^Ja^- Lij^ «IjijjjJ! t_i^2iill L^jjl>>j (_^jJI jIj^I 

* iLJljJI ±^j>.^i VLalo*! t_dl_L& jj,Li (j^aJ^JL) 

- I < >■ A 1 1 La (jlSLo ( _ ;r 3 Jijjj/^/I 

L4I0 ujjjij La J£ ^LgjJ! (.^-l^- 4jjjJlI! L^jjJLS 

^^hJI-cLLjL^J! L#jl£Lal I ■ eajlj i«Luil (j-a 

^^jio L-*^-^ ^5^*-^ o ^* 1 idUL>J! 

' _i S " (jJiJ! La i3Jaju tfj-u^-i La 

J_»_l (jyi^- Lajo Jj^5j_l (jl (jSLaj 1 fTj^ • 

4jl_i <_2jj<-ij i(4jja LtaJI Cj! j i 1 nil i_aVT Lajj) J).!"*" 1 u 

J-^'j (j-^ ^Lij* ^(jr^J- 0 J-J-^ '- a clj^ JJ^ 
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atjjua Vj? (JLe_i ^jl 1 '(Ac ^j?e_l11 i rnU jj j LtauJ ^j-d-i (^^-Jj 4 £>* 

»lj n -»J1 Cod 4 * i'iVIj s j 1 ea 1 1 4j>jI/Ij i ■ . A * . 1 1 (jj^Sj m ' ntl 4jljI/VIj 
»1 J>^ i nil i Lsj la^Jl dJUG ^a-& ^a^se-JI ' fl^la jri -4-1 ^ J-^'j'^i^-^L)-^ CjL>^aJJj 

<_j-J_i n_l ^Ijljj-aJ! , Uj U 1 1 ojjt Jl>.jjj . (,j1-a_<J! w l O^D J-*^^' 0>^'_3 

JK ui\ (JjlalLl S»l Jij i .ill SjIajJ I 0 jut d Ac LJjG (jl (jSLxJ (_g jJl La (jSJj 
i sjjiaJI 1 JLA £-ujj ^^j?e_l11 (j-* 3 L -^J- 3U cl)' (l)^- 4 - 1 ^^'Aj ' ' J ^ ' 

.Luminosity sLjLjlJ. SjlJuj «Lajcjvj (o^till 3jlj^>- ^-J- 5 Sij-J" (j^Laj 1 t^ajTj 

ifiLi-tis (J'V Ml JJ_>U (jyuJl ^ I nj^jJl (J_aL*Jl ^Jt ^j5c-l11 3j1jj>. «L>.jJL5 

. Spectrum Sequence w ajjaj] j^jLjIII ^ o . .n aLtaj ^jjaJJI c-ijjjj (<u JlIs 

JtSj .(jjidl (j-C 4ijjL>J! CjLjjJiill Ij-A CjLal uuSl (jlr O4J-L1 J^j 

OB AFG : 5_<JLlJ1 2ulu>LI! ^^.JLi-LLoj I ^<-2,*A~\\ ^l^i>LI j_aj 
JljJLjo (j-SLa-i i^jujclI! 4-i^L>. 4_uj-o * i * " *— ^J^ 5 * (J^J K M N 

♦ uJl jQ->»J (J^-a) A 4_LJj-a (j-a I J->»J *(44) ^C^J (JS> mi 

4_JLc jouaJj! Sjljus. =L>.jJ (jV 1 11 II - U j LajJ I sLi£ w flUjeJ i(4jjLa_J! 
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» uitl (Jj-o) G *Luj_o ' a-LkaJI (jl J-><-> '(44) J'C i"itl Liajij . I Jls. 

-5^>-J (j-C iLjoLj 'l$L> ' " ■! ^ 4_lj>.LlI! (j-a 4 1 1 sejj ^Ijijj^J! SjJajJI (jlj 

. .(j ii a i"i II (_p_a L#jjIj^>. j»J-><-i (jr^ SjLc J^J-JJ i ntL^ ^->lj^ 

<1j>.jJ (j_js ^-^jI I q c L_Ll ' a_ui£Lj (jl (j^La_i ^ j T- itl ' a^ila (J-lL->o (j^-Jj 
jJ! JL>JI ^1 w AjUll jjjlseill jqJLc ^ J-23 i3j_o-VI CjI j i i .ill w afl . 3jlj_>JI 
j 1 jJLoj 1 tia j I 1 ^*^>- j-i Jl^J i «La 1 JLsca.ui Li (j^Lo ' 

jL*-t cL>.jJ _iJL^t_i jl Vjl Lulc .So^L>. (Q->o Jj^?E_a a I .1 j-uj 1 ' 1 2j ^?c_(J1 
j_o ^-J?e_L3 ifiULtX ^ J_a L-ia_il JJ-^J ^qj?e_lI1 3j1jj>. jV i j_)ia_a LjlI 1 JjjjSjJl I Juk 
J-lm] G cLuj-a j_a ^J-* ^-jL* G 4_uj-a j_a j«->*J j-« LiL*J, JLtll/l A <Luj-a 

^j?E_tJ 1 J tl) I ^> JLJ 1 ^ ' ^ ? ' ^J" 0 4j Lo M cLuj-a j_a ^>*J j-« Lj L*-t 

Doppler Shift jJU$* SaI jj 

. !j! J_o L^J Jlie-Ij ^jJc_iJ! (jl JJLso (_ylll (j-A • LtJ-i^sj (jSLflj (jr^' 

.jjjjj j3l jl «L>.ljLi ^ <i i im La diii ii j I Jutj 

»j 1 a 1 1 (jl 0_i^>.j .jJLijJ «Ls-ljl jl jj| j<u-uLi 1 1 j '"- IlXjjlj jl i>L>>jI 
j«i y i II 4 1 1 11 i T l_i JjJal jj_u CjL>.j1I tfJUt (jla iCjL>.jjs (JSL^u ( _ ;r 3 tiJjL»jj 
Jj-Ia (j_a j^l j-«^>-VI »j iMl 4j>- jjs (J>^2 ^9 'O^J^' lS 1 - 1 -" 

■ ^jUtl L^jJa ^tj 4jvljl I i'l \ ,<tUj'a i4jjj_U ^ji.'^l 4jj-jji 

. JtJtJJJ (^ j-II ( tt: ?-'^ 
CjL>-jJII y ) j~ 1 " a ijLsol tiJj^tlj (_gjJI jajaJil <U-m itLi Lai 

jljiio j_ulijj . ' aglaJI (jjs i— 3j-iaJI tfLsol (^ =L>.lj^l (jj*C"i i nj j'^'l 

. jLtliVI cjIj^sVI ^ (oje-cJI ic.j-u' (jJI i(>tjtUoVI (jjs ^ 4^.13^1 
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-4 aXj-ica CjLsjI ( _ ;r 3 ^^5c_lI! Jls-I i fl-ila (J-lLxjj diiill »l a Ir Jl>.| j»L9 Ijlj 
(jl JlJ-j ( n-^j-OJ^JI 4JLjj9j (J^^ Ij^^- 0 ^elu ^-^J cP^J^ *^- >, Lj ^J--^-^- 1 La^A 
^^pajVI J/u ^j?e_lJ1 j-a-i LaJ_t£.j *(J?JJ^ tj)^-LI! ^jJI i-dj^rTt < u (_£2_LLaJ! i Laj La 3* 
(j^. fS^a-Ll! LaJ_t£. Lai i«L>.!jl 3jI i La a. ^ j (jla ^lSjJIj 

4^Jjl£ liitl (oJUJI di! j .b.-w\lj,„a t(J A-^tl «LLl3j J_$a- 'Ljjj-i ^ 1 .1 a 

^c_i-u! 1 a-^-j-Lc {jfrlLaJ ^943"* ^LLaj I a^JLq ^j^SLluj (jLa-^u J^ajljILi LaJ_t£,j 
j_£j_a Jj^s- j-^-l 4jjcj aj jjJj J-* JJ^j-^'j iBinary «L>-jj>j_tl ^_ojc_l!I 
2 -1 La j I ' dl * j'a hj^a^j (jlr 1 La (jlj^jaV! I j & j 1 aj Sj V JlSj "-^j" mi a Jju 
.^_o^c_lJ! <_sVT (ji^. iX>**' CjVLs. (j-^J i^j->«J dtun (jr^ 5 " "^^Lj lSJ-^*'- 1 
(2>C -ilj La Lai nj-uLaljILa ,j-uu>o ( _ ;r L^. ' La J JU <L>-JJ>j_U ^a^e-J! U.^lj 
.i_i£j_a jl JJLula j^ajti!! JjJLc j»LLaj jj1-a-><-> 

ja£.J-l Jl^a»aJ! (jjj floa-l ( _ ;r l» ; J V l Jauj/i Ll2j (jjSLJ jUJd (j n \ ill (jl 

(j--aj 4 ijr j!iLctll1 4_lL^t_a_l LLa^Hjt_a ^Jlaj ^?e_(JL3 . ijy jj-a 4j| 

1- 1 1 m il «L>.jjj_L! ^_oj*-LJI ^Ltu q\ ( -J -u>J Ij-Aj ijjs-V! ^J-^ e>-^ 

(<U>>J -So^>-J O"^ *Laij(J! (J J" 1 n_l li^p- . «!.5a-<-aJ! t_!j^iJ! O^e-tll (j^LaVI 

4^j^>. 4_<j/IjJ_i I j j flj « a (j-SLa-i ( _ ;r ll!-4ib^ J^-*-*-"! lS' w La «j V (j-^*" 

.^mx-ui Jj^ 5j>Lj (jic JUp-^LuJ! aLtalll 
^* ) 4 ^ ' "^J N J ^-^J-O-^' ^-^J La^J ^SLa_l ^jLLSjj-Ls iJJLlAj 

(J^Lj>. 4(^_a_>iJ jj-a 4_ja£LL1 cLc^_aj>Jl1 j j LaJ ^jt ( 2>^- 4 - 1 ^-iJJ-tlJl ^^0J?e_lJ1 CjVL>. 
-(^jji-l CjVLs. (_y£j .j-iiLill JLi^sjJLi I j~ ■ ulj ' , ,, ;'a ^^Us^j t.jj'C , 

(^jjSjJ! -i^-^J (1)-° 3^*^" w ^L^' ^J- J L r e T jl ^ JL?-**( 1 n 1-5 J-L»-JI ^^j?e_lLI d 1 i u fTLl 
, J^aj_ul ' ■ <Gi ^tJalu La_ij ^jJlj i ijy jjJLl ^j?c-lLJ ^^^j-fl-^JI 

tlt^Jt W^AmJI§ (x) 4hJI 4rfwSt 

(jjj-flUll (j-a '& <ii ^ Jx. jjfc iyll ^- 'Lj« i^-ill jg-Al (j-a (jL^j ■ »ljia-<^JI 



t Jij i n^fl ' . i Soil ,j-a J^^- J* v — ''j^ ' Cxj_pS! I jl 4jLi i diaJI »l gUt 

CjljLiJ! aJJt JaJLi a" LoJLtCj . 3jjLgjM 4_u jL>JI (_Lt-aJ I gjj^ljS Jtljoa J^a- 1 ""' 1 "'^ 

. <_i lfLll (^Jl 5_ol J< ui ^.a £Laj_iV! L$j!jj pjl ' jSL&j 

qj I C Sj-SLs i4_L>.LjjJ!j d Uj jj , a 1 I CjljLiJ! (jja SjjSHI 3-aljjJI aJJt (jjSjJ 

4^^j_>JL! i *j J ' a a (j-* 4-^1 i n<i i » LcJ_t£. 4_j_Lu_oJ! d « miVI j!j_i-al 

. Jijjj/VI ' . i Sol I CjJL>J! (jjjjl (j-o ^1 

4_Lo c^jjjjjI (jl cjjl>.j i»l LtaAlL La (jl£La jjjj/I i_<-5j dJLijt (jL^ liLa 

* ^ p 1 * ) ^ o i ii \ La ^1 Jl?-**( i til ^3 cLJl*J I t JU ! JlS ifrj . 4_j_Lu_u 4 * Mil j ' 

£-iu jJb di! X-Ray Astronomy <U_Lu 
i jjjj/Vl i_JiUt ^jl i M*~ 3ijL& cjLaljj J*C mi i4jjLgJ! oljUJI L^JLujj 



Lgoic J-cj-kj (jJ' 3-oLgJI (jjijj/^/I (Jix-i '4 j m i nil 4j>jiV! Lilla ^oJLc ^ j i<i I 

sLjJjlII tjL^ i I960 j»Lc: .jiljjjjJI cjj^ll! ^ ti^tJI ^ dliill »l olr 

J_i_oj-j J_t-£5j Sj-gj.? ^ la i oi^J t»i L^aJI 4_LajL^J1 4_j_Lu_oJ1 d ♦ a b ) 

OtjLSj . I_ i-jJI J jj>. ( _ ;r i a j t 4j m i nil 4j(jIu^/! ij^ dll 

jjjl j^aJI iJluL^ jJia it_!jLrtjJ! ijJLA LillaJI »l <ilr (JjL2j 4i!Li 4jj» ii-i dJLut 
SjILill ^j5-Aj ' ' la 5 3 JjjLs.} n jj-* 3 J-*^^ m i ntl d ♦ 2 1 w L^J ^2)^-4-1 V 

d ♦ CjL_tia_Lj J j -r ml ^ jj I J t a U CjljILill ^_*u?E_a tjL^j 

CjLjj/IjJ 4jLi a Ll21! ^ AC* V 3jLa ( _ ;r Aj SjL>.!j 4cLu/ (^Jl^s. i L^-l3 4j m i nil 

3^UaLj dJJjj ' |» jj I j >.aJ I ' j«* LjjjLjo 1969 ^Lc (j-Sj .(jj^LJ! (j^. SjL>- 
j-jIujj ?l ckAJI (jjs 2 j m i ..II 3 < iSi VI w £j"J tUhuru jjjjtjl w ^ I LcaJI j -i all 
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4_«_L£j .(jj»_oL>J! I j t\l , ,,l Jl_<-C 1_l2j^3Li \-juu& JjvL-u (j-a sLS^llal 
jjLLaJI Ju^sjXI ! JL* tali i j . (4jj^>JI) LtLui^i <LlU-I j i nil 4jJJLi (jjjjtji) 

161 oLSLa 

^ i eajl III i4_ij1 L^LflJI j \l ■ ^ 1 1 ojut (jj^ VL4I0-I liJLufc (jLi dJJLU! 

.^Ij^J-U L)^i2J . 4-U-l mil d ♦ Mi^/Ll 

yU J§l 00 1 -^1 4^U^JI 

SJjLsJ, i4 I a »j j -^i p j 1 1 aaj (jx. (jjj_ill j-j^. liilill »l glr I aSj pJ 
j_Jal_Lt.l (ji^- d iil"i-s ll CLs[ m i i i t ^UI l^lioi jJsj . (jjSLJI jl j_<-ul ,j£. iJl 

.SjLa^ll cIjLjV^ILi (jLlol d I n 0 ~w ^Jl t n JU2,) 

5j j a. I ^ ta ■ "Ijj i4jljj>.| ^1 (jiijU^/l -j Jail JjJLaHj »l nUtl ^La dlljl^ 
^1 i ntl (Jlj-I"! 4_cSLx-i i3jji!l jJLi I J I k* * " l^sLUs I Ij-ji. Ij . i—kjlaJI JjIjo 
.(_g^jjlj_II j Lta-j-l I 4_il . . . 4_ujjiaJI Cilj LmJI (j-U^J [lc Jjljj (_yitl ^jja-JI 

r >=^L!l j c_^l 3SJI L^Lu j3 ^uSl^MJI 

ipJL«JI J^Li (j-a j-jj^ djoUll Cll^-LgJI CjLiiul JU5J 1 
«L3j-_»_a 5_IjLst_a 0 1 n tl ^Ijj>*^I j * 1 ^i nTl ^j?e_lJI ^Jl 5 , ^ * c\ijl_A 

Jal_2Hjl (J^-i (j-a-(_gjJjljJI liilill »l olr ^Lja JU5j »tl Lkjlj_<j/I qju 

1 11 se "1 1 i4^LJu Cjljij^j*_a 1 jj-g I . a All ( j_ a SjjL^aJI 4j^L>JI CjIjj^sVI 
( j-U-fli l (j-jIj-^JI (^k: oL>.jII j^>ll (JSLa jjla (j^s OJ^" cr^' 
Jjj/jjj t Jl j 1 11I (jr^- Vj' ^^J-ll ("^ ' 3 ■' " ^ j^J-° Cr^ A^^J-J"^ 

Jj'r 1 n**(t1 jl OJ^-* ^J^P* t t __pijj uuJI 4jlj^/ jjj^_u_a^^ jl ijr II I J_A JUu 

j_u^ ,2^. Radio Astronomy ^gjj^ljJI dliiJI pi^. CjUsjI olaLoI jlsj 
<■ 1 t 1 11 Jlo i LtljJ (jl •^.■ tl ) 4j jUJI j_JiLUU (jSUj V ^ylll ij-il ^laJI 

djlj^>J.I dJJji^j i^j^tJJI oLal inU JJiejj (jjJI SJ^IjJI (jjjSLII jLUI 
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tl-igjuJI i_igiijJI qc 



lili-iLlI jo_Lc CjljljCLal JUs.i jj* iS-ixj i .ill 3 < uiVI lill^ joJLc (j! diu 

: Jlj i nil lj-Aj_UaL>JI O^JI dlLill * Ulc j_pcj La 
,S<_i_uij£l J>j_<-ui i_cSj Jji jj* Cygnus X - 1 -<j-o^l <L>.L>-jdl jajso Jjt - 
-(j-u£l 5LvL>.jJI jajso I a-uu£l LaJLic i 1965 ^Lc ^ Jjl i ,i"ill I jut 2 fjjj 
-^^1 pLUaAll (j^a 4-U-i-mJI 4jufo V I ^2lul ^j^j ' d\ la] d l~*-j a »Lul < I 
(_yoJI 4_j_Lu_oJI A * uij \ j si < a a (Jjljl (j-* a^e-JI I JLA ^c-t-ul (j-« ^ ' '*'**' ? I-^J 
t(jl I fl-ll »1 o Ir 3j-o* J-jUJ 5-^5 fil ' ea *^l ^3 4_)l£Lo J-Lxj J-LAJ t mii^I ^0-1 

^iij-J < (Jlj ' ga > * ) i nil I ^1 JLa-"i < nLi c tlj3j ^ M '—'tP'* Cy 0 

3_3jj(_o i 1969 j»Lc ^ ^jjjljjl dliill »l o\c &l U*. , „l j . Luj^c-a ^ jJL 4jI 
CjLiia-u Sjja i( I -jj-u^t =L>.L>. jJI) (j-a-aLiJI (<u*-lII \jJt (jx. Jjj-U 

. 4_La j LLaJ (^y^-ll 4_j_Lu_oJ1 d * lojm 
J>iit3 .j«je-lJI I Ju^jj (^3 jj taj CaJl*. 1972 ,1971 (jij 
I TAj t ^ I . ^. ^ * , (jjj ]) ^^I'^tlj^^tlt ^ .^."Xl 1 97 I ^j^j 'tj j.jl ^ j 
SLscS j^Jaj i I -(j-o^l <L>.L>-JlJI ^-JO ^ j ' j "itl 4jlj1/^/! j! Jlj^jI 3_jj3 ( _ ;r 3 
.^^Ja-aLiJI ^j?e_(J1 (jl£La jj-oAj ^5 jJ_Ltfa-o 

l^jj^ljJI jJLuail Ijuk,^ (i^tJI ^ Sjjj^IjJI j_JiL(II OuajieI^!j 

m i nil 4j>jIu^/I (jj ii—iJj^. J-^f Juij LtjtS ^ i aj| j<u i(_£jJL>. (jjJ 

jj^iSij i— al uu^VI \jJt 4 j n itlj j J i a 1 1 (J-ojij (j-o (jl"n j M 4j_jjjIjJI CjLj-jIIj 
■ 4 j m i ntl 4juZj^\ (j_o jj- 5 ' s ^J Jl ^ L^j-uLjS (jSLu iSj^jjIjJI CjL>.j1I (jl ( _ ;r 3 
«L>-L>. jJI) j * - — ■ 1 1 j-yj t_ij_SJ|_i jjJLj ^LjL* La->>j ijJLut (jLi Jl^Qjl j<u l-J^JJ 
j<u5=_iJI I jLjfc jj^. j— i lTlSLII 3_3jjl>s fj aqlaJI (Jjl^tlll ^ La i (jSLolj i( I -(j-u^l 

«d <L«^j ^jdl (el jl\ jjkj HDE 226868 226868 I j.Aj.u-ul <Lik JiLl ^jJI 

(j_a JjL^JI (<s^*-iJI I J-Aj i ((j fl-ilaJI i_ajjj^ajJI ^jJLj^ J-j'j-i lSJ-'-* (Q-J LsJ 1 
Cygnus 4j>.L>.jJI 3x.jjjj*js j-2jj '<Jjj' 4-o>l . ntl 2 xaaLaJI 4_ljj_LI 

. cLu^_Ua 4_u_o 6500 ^Jl^tj l_t*l Jjlojj 
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{ya 4-lIllJI SjuS,V| <jl *L*^ <-Jui_£l 1971 *U 

(jl I JU&J i '^J- ^ c 'J- tu ^ cJ^^ ( ' "(J-"^' 4j»-L>.jJI (^^iiJ!) jJUuaXI 

(jjsj t I SjJLc iQ^lii^ t 2j m" i .ill 3 < uiVI J-<-ujj l5 jJI LtaAll jjj^sil I jut 

t JU LlAj . < i 5j ... I -jj-u^l <L>.L>.jJl pjje-Jl tj^^-i (J' (Jus-o-l -ilj JUi3 pJ 

' tula ( _ ;P 3 jijj-i 4js>ljV jliil £yc 1 jlbtjj i p j 1 1 c ( _ ;r fljJaJl (J-lLxjJI »l <i Ir 
jL>. SjJi-J Lc j-3Juo JJJJ 4j| j«^J i taj Ij i226868 i J) (JjL^JI j<s^=-iJI 

. I -^j-u^l «l>.L>.jlI1 ^jt ' w (^jjSjJ SjLo* 

(jljJJ-J (jLajo £jj)j_a ^LLaj jjt .226868 I J j<sjc_l!I a I b> '< a 

j-jju (j I 4 _}^j_u^M < .^"'tl ^-yj pj^E-Lll I JUL » ilj-<^l 3 juiu (J-° £-^,9 ' 0 i J ' * ' (J.^* 

^ J)jj-uVl (jJI j^JLu <Gj)Lo iJl! JL>.! L»£ i^jLia-uJI J*s tSJI (^JJ 4JSLJL/ 

^Lcajj Li^ i4_j_Luj_aJl d * 1 j *^ J ' ' i<LLo L^jIj-i^I _}j^?e_4-ij 4_olj^ (J*\ ut 

(j_o 4_j_iLj j ui r ,j_a (JJal o>S-J JUS I 0 uj 3_3L_uJ,| (j] i5j|jJI 4jjlj 

jjujj) jjil "^jJj . I -1 j Lu (jjj-A? O' M 1 11 1" 1 l_£ 3^ ' "_' V jj J-t£.J i«L>-j jjl 

jajo jj» OJLhi ^° *l nUtl i. < 1 n-»Jj i^ljjjVl 1 JLA 4 <j iU i_al (3^-°' Li 

.(jLs-so V JL>.lj 

oJ-Cb . I J * c j-j>.V1 JjLLu j^psjVI jj-fi Lj_AJL>.t «Li^ * ) 

1 A^AU L>.Ljjjl 4 * )jIL5_Ll pjTE-LJl qjz 3_aJ)LaJl L_£t_iiaJl 1 Lsj La 3> ^IjJj CjLLa^tlll 

' ^jl^ ■ Laj Laa. ^Ij-ij L*^ 1 (' iulaJI (j-o jl 1 njll w . ^al) ^d* - c^i 

iilLI j) (j-Lcj . (( fi j U II (jjs <_ru«jJI u L^k\) j_aa.VI (j^DI (jJI JjiIuII (O^ai-iJI 

»l glr ^tlaj 1 I 5jS ' Lj/LS i5_LOjlaJI Sjlajj I 2 AjAUll CjLs-ljVI (j-uLiS 

dHAJI 

4j»-jJ)jJkl ^^=_l!I Jo-I jjl Ji^>-1 iSjJllj (Jl ^s-l Cr^J? 
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jl g-jlaj uu (<u*-lJI ' fl.mie.lj Lajii^. 4jLa iiiilj ^1 4^1 i^iVLij i3JLl3.J 4j*.jJLi 

(j^o ill I ni 1 jJa <L>.j.}j_U j»j^a_iJI i La Oijsj \l VI jjjj 

(j_a (j£LJj . «Ll^>. jljjjJI w 1 c 4_aLcjlj i«Lj_iL^_i J-^*^ J 0 -? 0 ^sLtls! 
i(j^La-s j-J-C. j-al ioL>JI I jufc Jfla (jl i j i £> L>J I eJa^JI lJ £ LtSLLs <_3j|jjLt.l 
oi ' gall ^V fid_u_oj L)^-*i J ' L)' ' V. 4^Ljj-LflJ1 (jul ^JlJI jV. 

Jj^*_a ! jut Jlj-J i<j1_«_>ij fjJl j j C*-? 0 1 (1)^ ^L-Juj JuS 

jLulII l_£ljL£Lj ■• fl * dt^oJI tlfl * ijr 3 dU^J JL9 <L>.JJljJLl ^JSE-J! (jl 

jii^I j^iaj JL3 LutJL>.i jl i Jjjj/I Lij ji <_>^-ul L«j^ Lai (jj^ljJ 

2u>.L>.jJ! jji^U j 226868 i j _^ ch'-^ Sj.nItL La! .jj.Vl {y> 

I J_& t_ijL23 <L>>j|j ( _ ;r 3 sLlsLusV! 5jlaa«J I ' ^11 * j' a i I 

I I j j a jjLcu.a^Llj (jl jLSLj (_^jJI 4Ja2 III lJr 2£ ■ I JLJJ-Ju LjjL2j ^jjjJll al la ill 
. Ijjj-ul Ll2j »l gUII ^ * laj (_g jJI jJLuaXI ^1 j«j*-lII (j-o <j-« J^H J^^-y 
i Jjj-u^/I ' . ■ Sftll (Ji-I J 42jjJa ( _ ;r 3 (j-JjJ J^-" (jr^ jlj i~ ' "Li Jjj (JIajJ 

. cU^>. jLi-II (j-a cLfljil^ jk» i ul Lj j£La 
j - ^ ' ijr-^J 3jl i ^. CjIjLlILj i^^—a-tJI ^j?e_l11 Ji^j_u^I < i Sj 1 1 jjJjj 

JJ_«-lJI JjLa_j Ls_Luj .j_«j>.| ^\ J^cjjJ jojcj>.| JJUjjj Cj^jJI 

CjljLiJI (j-a 4ijLfl> CjLui^ (jl jJljj ^cj jj-*J * W^*^^ AjIJLlLs Ji^_i_o^l * )La!l]l p j**'^ ) 

<LflaIa 4J^>. jj£Ll! Jijjj/VI i_cSgJ I i226868 I J _A (<s^*-i-I' , ,. jjja j^jjj 

Jl SjuSiVI VqIc 

jj i^iU j! c^Aj jji-T !>LJj LilLaJI »Ulr ' ~.-.r<\ i 1972 ^Lc 4jL>i 

. »l oUTI (j-Iiaj jl^ Ll^ l_U^jJj^_U Ljj?0 (j-ajjj 4 _}^_i_ui < I I "(j-ul^l <L>.L>. jjl 

j_Lp n—ij's i .ihlLi ^Cijjj (j^-*? lS-^'j 226868 ! j («u^-iJI jl jlIs 



209 



«L>.L>-jJ!) (jiajsLiJ! (jj^jSj-!! (J-JLxjjj (j u n ."ill 4]j£ 30 ^1 <q££ 

. ^jn(j gill 4Jt£ j jjs 4_uLijj d I ii t)~w ^jljHj cQJ^ (jl ^ ' eaj| i( I "jj-u^l 

I J (j}^-"-*-^ j*-*-^ f ^"J-^j- 0 l- 0 ^^- 1 lS 1 - 1 -" (jis^sLiJI (jjj^j-I! dJJj 



Mini Black Hole j«mJ I J$«i5S I MAmI I 

ClJ ^tUJ ijjjG Lt3j^?E_a (2>^ 4j Li i f LI a 1 1 ^LjJLc jiii * J 

4jt_aL>. ^j-* (j ^j**" ■■) ^y^JLa ^qJLc Lj_lj i^j^>-i «Lo-Lj (j-^J * 

-j-a (j L-i i-t^aj t i 1 Jl>. j,L>-aa J j-uj 1 ' - dJ _} J (J LSwO Li i Jij-j_<i£^ 

. jij_i_uV1 c_<JlLJ1 (Q^>- j-*- 4 -^ j-^ -^43"* ''^^^f^ ^—^j^Ai 4^liiSLI1 

dilAJ! »l glr a « j I (jSLol i^-JLuaJI Jjjj/VI ' . 1 2lJI Sj£La ^\ jLir" i iiLij . Jjjj/I 
( _^iiALiJ1 Cj^L>J1 j-u_o^j jj- 0 L ' (jj-^ (tj-*^ ' 4_*_aL^t_i tjLjjJ i n^L>.) 

Tunguska Event ^l&ri^lU ^ lilU 

(I *C i nj-?oLj) CjJUs. Lo ^ La I (jjjjLs. IjJIj Lo (j^' Cr^ 5 " *^ lUtl (jl 

^Lu^3 (j-a i tLLialJIj 4jljL<jJ! 4^.L^J! i jj i u JLui ( _ ;r 3 SJjjtil! , ..1 Lj 

jjLUj ^-(^JLtVl ^<i ,i ^^jJ! ! j-* . 1908 j»L^ (obi>^~) ^0 ^jj 

jl^r utl\ ^Jll^l i^j-a jL^t_dj1 Cj^j-a-1jILa ^JLi^ I 280 ijr I1 I La ^^-^ ' " ^ 
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p 3 ' "j3j <JS3^ ^j^ 6 ^} <3jj' L*- 0 ^ i"i Ijjl&LJu p-^-iLi ^Lt^/I JLsj 

(j_a ^Ljj) i a 1 se * J ui \ \ «L_La da-fll i ■■**' j (jl^J 4 i _^j-xIlJ! * )^_L>J1 (j_a 

(j_a IjUs-l (j-^LIj i(JI o uJI £J3a JL3 La L)J)L>. (jl £J-a->J! . (jLi-jJI 

Jjuj .CjJLa. La 4JLJL>. <_2jjljJ 3j^.jJI . ~il , ,,1 1 JjljJii.! jJaJu-uj j«J (jjiLJ! 
! JLA t_jLijj/l <_SjjiJ<J! 3JjL>J, djnlf sQjlj (Jjl i." i j itj) i LaLc j iSiC 4 » i n" 

IjJLkj joJ LaJUX. 4IL«jJI »l air i_oe.<j JlSj i LflK 2 ^ t-> * 1 1 jLrtAjVI 
) 3j «j jL^ La£ L^j_u (j-ujj j_LajdJI <_ u i <t'°i (jj)l ijL*-iLlV! jlSLa 3j_u^ 4Jbai 

.(_Ll3 (j-a «.Lal«JI 

«LtL> i^$^AX\ j_i>J! (j-a Ij^J^ !j)JLC <CL«_J! 0JL& CJJL>.J JlSj 

iaJ L^Jii ^.Lc cJj) i^LajJI ^ SJjl^I! Sjj/IjjJI <j£Jj iL^K jUtijVI iikla 

JljJl>J! CjL^j_>«j (j>£, CjLiiu i4_Ltjjli j*C i"i"t Clul£ Lajlj 4j£j_u CjL&ai (j£j 

jjLj ijjjjb dJLufc (jl£j . K i ii^joLj ^jjs CjJLs* La Ja^s- idlldJI »l a If (j-U 

. jLa-iLlV! <■ i 1 1 iij jLajJI ljufc (J£ Cjjo-I iJjLt <-43-J-i J^"J^ «- '." "tl 

mULaJI <LC£ La ^Jt i 1£L_ooj>oLj (^^ CJJL>. La j»u_a^j (JjL^j (_£lj CjJL>.ij 

(4_jLj_LLiJ1) 4_]bt_4-i (JLoa ^3 jjjjL-uSwI «L»_aL>. jj-a O^dJJ Qj) uiSLa* ^jLjSllaJI 

jjk i jLstiiVI i- 1 j i ii (jl J-^' J-^J^ ' . 1 973 j»Lc ((JaJjl) j j fl*M i .I i"i 

LbJlJ^j ij_j_iLlJ! 4_Lil_A =Lj_ij)L>. Saja 4jj ij" a j" i i nil (j-a Qajla (jjs Jo.!j 

L^j ^ Jua-La i i L^_La jlj»iJ1 fiLcj-*_u jj-* J-^' fiLcj-*_uj 3j£LI! jj-a * 

. »l i^iiill ( _ ;r 3 ^jjs-I 3j_a ^ri'-wlj i Lg^jJii.! j<u 
5j_SL3l ( _ ;r ^ ,_3_^3jJ! J)aaj/VI ' . i 2lJI I Jut JjlJ- 3 '■ ' J ' J^Sj 

^ I i^a-flJ I (j_a iLcLajj! «Lul J J ^ j'^?-^- 1 ^' \jJt CjjJLs. 
LailaJLa njj^s-l 3j_a JjLc J^5 J)ajj/Vl i_c2lll jL Ij^JjJ ^ULoJ! J)Lcj .^j^/l 
■ La 3«.j i VI a i"i 50-40 (_psj_c ■ t— 3. jLLc w la lllaVI Ja_pJ,l (Jl a i"i JAjjjI (j-a 

2 j i^ijl oJijua. jus «ui jtj V 3_2JaJll (jij . L^c. 40-30 JjJo 

c_J^aJ^ a I J La-Lta I (JLaJL>.1 (jl (j_a jqjLjJLij . Ja_j_>JL1 (^5 SjuJUlu CjLi!jjta_ua1j 
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Jl) jL>. j J, . ..A" (jl *j 4 ^ J'*'"' ' " Q L)^ -5 -i^- 1 (JL^O^I J-A 4 JJJ_4lt ' I SftJ (jlfij^l 

Vjj>. (_paj-tzijj . IjJJ-a lj-at JJLu 4 I JL>. JJJLt-O JJ_4_4li I I 2j jjjQj I'C ( njjsolj 

i_j_liJI jL£ jj ijjjjaij ji (j^Uj (jl^ (^jJI Lajj 4^Ll3 iJjJjw La jjfc I j-A ji 

Escape Velocity cj^LaV ^j-"-" <j-° J^' "^J ' ".' o^J^' er'i ^ 

4-ujL>. (j-a O^La^U iajMJI Sx. j^JI ^gT) 
La i ■■ ; jjj^/VI <_i-aj II aljJa-ival Jlj^lS 2 *j^' a v-JJJo- :3-iL>.'^l 

L^jJaLi ( _ ;r 3 j Sj i "j i ■■ (Jj 4 1 _Jjj>. I 3j_a » I lia-a] I ^1 LijjSjjieJ (jj 4d j i>»j^1 *j£LII 
<CLujL>- Sjja La i ii a dJjj". (j-a jljll ^LipJI JLa-LiJ 
<jSjJ 4 jjjj/^/I ' . ■ Sflll («J*J>- j » i -*»l lill jj (JjjL= cJsj ( _ ;r 3 i_iSj£' ^LfjUJI 

^ jijjj/i (. j-2i^4/l I jl «u! 4«Uj«. jjS" I <iK jIjJjj-u £>LuVI ^ 43js 

. 4_l3^1j (jSLa-l V j_al LuSjS" «LiH>.L9 4^1 j i^j^fl LujjI j^J-° 



4(jjSUI ( _ ;r 3 »tl 4^aLLaJI j vl . 1 j j . hjjj dljjj^JI i_jj2iUI LjjLaj 

jjJljw i_jJ_>JI (j^i ,j_a ^ i". ^jjji. (j^-^f * O^' (<U»J (jJeji 

jljll (3 j m i ..II 5j>ji/^l) SJaLLaJI w ah (jSUj i jjl? <jSjj 4(jjj-uVI i_c2ill 

I j~ La i jj (j-S-a-i (jH-II JjLjjjJI jLtcjJ ^jU" , „'. . . £LLi~ I j j^J-cj (_yi!l 
.Sdljjj^JI 4_jj2lUI (j-a SJaLLaJI ijXg. Jj i a >■ 1 1 
I (j I r SjLvVI (j-SLaJ (^^-S-LajjJI LuLo. (^3-Lji^I j Vila jitll 

lJ7 S\ SjLLI (j-a (j-La (jA— * ^-*- J j' (j-* * ) J-^ J ^° ij-^-* 0 (J " '"'II q\ • (Jlj ' "II 

.. L^iLaLi (^ i_gj^<J (_ylll 4jjIjj»JI 4jJJ-iJI v-J^LcLaiil 4jsijH^ 44jjlj J£ 4^LLa 
(jla 4jLa (Jli (j-u (j^ 4jI (_gl '/. I (j-a (J^l 1( j n n ."ill (j^ O^LcLallll i>JLit 5g La£^g 
( _ 3 jJI SjUI j-a dilj (jjLililj .4^LLa ^1 JL>.lj (jia ^j-a J^l Jj^tlu 43jUI (j^s 
. I &jl j j "'I #L_LjI 4^LLa 4icLi 4 jjj-uVI i_Jji!l Jivlj (jJI S-al J< uiJ jajjj 
tSjjLLa (^Jl Jj-=tjj SjUI i>juk ^.a '/.6 (^JIjj. (ji v_j l_4-u I j jj I Cta i^ijl JiS J 
S«Li^ jj_4-u^/l i . i ii"tl jMij-a (Ji-I J jL^Jj ,_^lll jIj-LI (jLa 4jja-T 1j7 1ilajj 

S_jjIj^>JI 3_jjyjJJI o^LcLfllJLi SjjLSlLi 4SL3LL3 SjUI Jjjjo Sjjjjj 

3jlj jJI »l JJ ' "II < ) J ^til 1 /6JI d 1 1 11 1 (jJLaLuj . jno miIL^ ' La i ojj rt ^->^ 

(jjc I i*;, ;" (_,jJI »ljj 1 nil 4_!j2it!l jjl j^ljJI ^jjj (jSUj Stationary S-jjIjJI (_gi 
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(jLi (jj * laj lLUAJI »l <i Ir C-JLtrv 4jlojjJLI 4 1 1 u ill ojl&j . '/.43 ^1 3JaLLa ^1 

-ijljj ^^y^JI ^jj-A t JljJ I tljl * «J S-Jl 

■ t S a . (_j m 0 i"i tl a l*i^ Jila Qo-lLo 4jLaj <_sVT 3j_Ju£. jj-U 4j1j£ ' l"H> : *- a 

3_ja-j.jlj ,U . i J'C ,"i ( _ ;r l^. . ^ SIa.ll I j^yfl 2 Ult j -^J-J g ' 

i>!j_«j>JI 0>J ajul/Vlj 3-joj.sIjJI CjLiiajjJI (^i^. (jjJ-aJJU 

»lj o -»J1 Cod CjL>-j_U »l g 1 » 11 a « J JLs JLSj , 2al talj jjum (j-a 

V 1 JJt (jSLIj '(jj-'i^t' jM^' '^L* SjLxj-u jjjs j i . aj (3_jjIj_>JI CjL>.j11) 
jLulII I jut (^yfl 3jlj_>JI J-^JJ J-oLc (jjs Jij V jl . 2al t-»tl j i.-^i j . ..Aj 

dJI_L4 . >lj_«_>J! ^->L>- J I JU-al (jr^ Ij-^Ls Cr^ 5 * Cr 1 -^""" 

OJL^J dJsLLaJJ IjJUaj U>^-d o' O-^"-*? '-"J^? -0 j^J~° O"^ i_PI-* AS-"" *T 
*lj_iLi 1 JuVj-us SjlaLsj j-jJJ ' j«JL«JI ^La S2JjLgJ! 3-1 La- 1 .itl 

Gravitational 3_uiL>o cjLva^s cjJl>-j jJia . 3 K nX\ a'jjt, J^s. slj^l o'"*.' 
ol j|j La ■'— I Ltjl j"r 1 (jSLxj CjLvjI! ojlaj i LIjjjcjs (jj* (j-iLj Waves 

* iljJa-Ual ^Jt Ltiajl g.j LcaJi) j LcaJi d_cj^_uj 1 La 2 (^^-11 4_u!il_>J1 CjVL»_a 

La (jia t^j n <i "<i\\ ^JST rt ^H5^ ^LaLc t_dl_LA (jl j^paj-illj 

j 2'al , ,,1 1 (j^! »J i^al! pjN tl C^jJI i^La J (_5-iL«j Jljlj VI Cj JLs. 

(J-^- 3 (JP^- 5 SjJL 1 taj (j 11 q ."ill (_Jj_uj/ LdJj (jr^J 'O^J^'j L) " " '"'^ 

4_ujL>JI JLjcjs «LaIo.l tiJjjj (jl (J^S ,_jjL3J (j-iLaji j n~ 1 nj .j-usjGJI CjjJLs. 
^1 L^^LLajlj L^aa- (jljJjJI (2>c (jlsjVI (_aflaj (^l (^JiJjjj/ Lx-a i(j .1 <i ."ill 

. cLiajJI ^L^jC T 

JL>.Lu_u i(LULLa (j 11 0 ^Lalo^l) a_u!iL>JI * 1 Ij ta < ta I ^jLs *j^>-T (^j-U-a-ij 

.^ajVI c_<£^a^ (^jJI (J^-t-a^aU g j 1 a 1 1 4^ ***i i u 1 ^jJI C^oJI (j-^Aj 
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^LaL3 isLj-j j)l_>JI CjL>-j_o j "i " ( _ ;r i 4-jl i It d j » i r-i sLa^a Cj-iI£j 

L&j—j-lSLj p_j CjL>.^_L! £Jl_& ^Jl ■ ^" . ..V ^_j_L«^J^1 pH**' oi^t ^**. tljt^ , ,.1 
ijJLo j 1 j< i_iJ I ^1 tjrt-u! j ta i uVI (jruLi (jrtJ ' "U C^jI^J 1 1 J ' "~J 

(^Lj *Lu j)L>J! CjL>-JJS (j! (j_JJj) j<sJL«JI UjUd O-lMj 

.(JjL& J^_t_u1 ' i ^" d a La ' 1 1 
Jljj La (jSLtj . j»Lc (J^ ^^5c_lI! i_sVT p j" L J)jj-u^/! I ■ ■ ""H I JL& (jl 
J)j_<j/^! i_jjJI ! j_A J_La -Sj^>-J I r jJaLa J-jJj) jl lalul dliill »l nlr 

^_oL>. (JL_p* -ij^tjO i$ ! J)^j_u * ) ^Jlj J) L^Li^Ll Cj!j^?e_« jlj j )l JJLu JL3J 

CjLcjjaJca 4_uj_a j^lC 4ljLt CjLuiSL) J)l jjs -^^-J iJ^- 3 l -^Lj J * 

SjjSLa i<Luj_o SjiLo cjIj^>JU tfjuk (Jiitljj Clusters of Galaxies cj!j_>JU 

. Cj1jJ?e_« L-4-1J jl i^y-i^ jLlCJ CjIjLc (j-* 

if 1j)^j_o * j^Sj jj-* ^-J^-* 3 J^^" ^-^^^ aJJt (jl (JLj-o^l i-dl_LAj 

.(j^SLJI I jla (_jjjSL!! ^ j i .I ill (jj^j L^Xaj 

iljL_j^>. j d a f^ <"i Lga_aJI IjLA ^5 i_3^_t-£5^Ll J)^_i_o^l ' l^oJ I ^ji 
jj-* 1 J o 1^ ^-1 j;^" ^-aJUiXl ^jLlillj . ^/\jjJa_Lll ^jH_jSLLiJl j-Iaj ^ ^>.J 

* )L^- i^»i ^ --t-t^ jv jj-* ^ j;^" '(J'CluujI j-u_o^j t. < i <Lu jl_>Jl 4jjjta_u 

jj-o^ fljij-uJI » »j agJI i^<T illj i4_aLc _}^_i_u^l < .^"ll 4jjJa_i 

1 j i « J Sj_u^ CjLaj! ^1 4jj/Lo 4j>-L>. ijJLufc Jj ijl ^s-^l (j-a Jb- (jjLj 

d i (<t 



THE 




.u 



111 1 Hydrogen i 









A HOT STAR'S SPECTRUM 




A COOLER STAR'S SPECTRUM 



jjJl) 3jl OJjLj, i aola : (44)J£L£, 
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i<JLj_>J! £yz i nil * <j flgji JJLu JL9 

( _ 3 jJI (j-a j-uSL!! (jiajsLiJ! QaSLJ! (Jlj Loj 

' JaftJI ijr ll j Lai]) j^)^-^-! • JuJl^u ^i_La_u I i—SjjLu 
2 ^ I . 1 I 4-jj| a i ,i || ^1 i ,i t_!j_C.L£ Jj_<j/^I 

I j'a \l , aj La p j" u SjLij^a^S 4jl i » I i h a 1 1 

SJsa^a- i .i U L$-i I" <i" (jl Laj i L^jSjjJa 

iy> ii_jj>$JI ^ J-al i^l L$J V ,y> 4-l<L>J! 

J_fl_Li ^jt Laj i ; V 4j9jL>J! «G£,j-*_uj frj-Lgall 
LilLc tiJj^J i Jiaj-u^/l i_JjlJI ^1 - La j j j La jjl 
(jV iilijLjtJ ! j_4> .<>o>I! L<r3aij li^p. i^}UaJ! 

L^jjJj jJa ^j-^eJJI ojL^ ^ylll vZjIjlJLllj jljll 
jjjjj i4_u!iL>J1 cjL>.^_o ^-hi-^j <^-)^L?e_4-i L^ i * 

(oJLjJ 3-j-mJ tLa £-aj . LgJaa. La J£ ^Iz. L&i 

j j i a 1 1 IjLA jJLjj V — I JaAll Jj^3J (jr^ 1 1'^ 

» I Lta-jJ I ljr Js ^LaLc. I j*\ j_o£ (jLa i LLa^tla ^jj_>JU 
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rj LtaJu i 'I i n <i" iSJjL^JI t_!JL>JI Sjja ^1 liilj (.in ntlj ( _ ;t j».jL>. 

xLaJI <jrlj|ji]| *L3>LULi ^Q-UiJ L^C 1 (J-2-1 (^j-tls j J_L) VI ^-<j-<-gJ Ma 

,3^! (jJL. (I j-*j*-a) i—iSijjSLII jut I (j^-jLiJI (_^!jJ.I Jlij I jjjJj . JL^ajjll 

!ju>- 3j_j_«_i (jjSj LajJx. 4ILiL) JJjJ «IjjjjJI i_!qjj!iJI CjjL^ I jlj 

(_£l p j" fa L^jl Jj>jj i LjLa LbljUal _UC LiJ a^>- JUJu La (jLcj-u/ L^jLs i Lic 
iJ7 Io*-C^E_u-£5 t L^JjSUj SjljJ-La <L_uJi£La ^ 3-?° J ^J '^ J ' LiL>. . . * rt Ju f.^ mi 
j^psj-jLj t JL<a- T L>.l <jl . ^ju>.t ^4_>»J CjI_3jJ . . Lga^Jl SjuiLa 3-Q jj.1 Jjlj 
* 1j^uj\ 1 ' ^ La i ol pi tVI j ^ , ^ \ c_t£3^ (j*"^* -9 O " q '"'^ 

i aj aj tl j , ^ 1 1 | j_a jm I i i<ij-»j cU^sj^ (jl dUj . ljL>- (Jjj i<> JLCo-! 
p_>o £—a l—Lalj i^> (JLs_L>>L£ ^-A-^j^SLlI J^jjit ' i 5j JjjjJsa ^3 3julul_us 

* 'j 2 j 1 1 JL>.t LLaljU-a cLt^sj^ ^jl lLLLUI »1 <a If ^j^* * L$LH (l^-A 

iJjV sbLii«JI jJt\ ^LaJI (_>iaJtj CjjJls. jj^s Jj V L& J_t£.j JlS i tl JijjjJI 

.putljjl jJaiJ! I jjt t_jj-2j LijjJj 

i(jl_«_aLj (jjjjj-j (jl (jVI 1 iilf S^?^ (1>^J 'ijV 3 (j -3 J ^ >J *^^ ' ^-ft 1 ^J^- :>, - 1 
K i njjoLj I 908 pLc ( _ ;r 3 CjJl>. Li£ Jjjj/I <_cSj j_o a I J-Lma I iijjo. (jlSLol 

L«i?-3 jua-lll cjLjVoJLj (jjjLcuSj 4jL>sLia-i (jLiSLia (jLiLc i^jj '^tP" * ^jj jj 1 ".' 
Sj_?LII Iju>- (j-i- 3 - 5 45-^' <_i-S-i ^jjLuJI liJJj ( _ ;r a ibl-J^a (jjs LjjiTj 

.(^jjs-I Sjjs ill < V»^tt ^JJ jLc pj Lcjjjs IjLtcjLiI L)JL»-a isLuJajVI 
g £jL>. j a uiJI i^l miJ (jj^Lc- (jLcuj^/l (jt Lciajt i-djjij ^ji c_t^tjj 

(^1 1 1977 (c_jT) ^..U.i.A? ^ 2- 3-i^ >o (i>LLI ^-L>Ji juu ^jin^Mitl 
»l liaAJI Ljj>- jJjjSJU jL>jl ^jjl cjJ->JI Ijla • 3 j i ii i uJI 5x.jjij>J,I ^jLi- 

t_j£j^ i^jL^) tLUiill ij ri i ii Jo^l^J 4-ujL«JI 4-uj-A^/I La I i(jVI (_^i>- 

JLu/jl (j-Aj iJLpJLi 4jjI/I Cj^j (^yJI iJluL^ i£L2-ii>. ( _ ;r 3 (j-<i£i3 i^tjjJll 
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pi inn 1 1 y^3 6^.i.i an 

c_*£j£LJI I JL& jlj-*_ui i?t-r nt 4£lj-a_>JI £ljj-U j^paji ^jj-II d-°L^ ^J-lL->o j U3e a 

Lill 

.£j|j_JI (jj^JI I j-A (jlr L-SjjLil! SJjLx-a jljJaLl ^ J 7Tt~ Jljj La - I 
*Lcj_a^>J,l ^jLi- j-a-mJJ l_LjVjLx_a Jji w J '"' 4 aasc a SjjL£ CjJLr>o JLSa 
<_iaJuJ| JL>.^/ nijJijJ! (Ji-l-i LaLa-i s I ' «l m» i ii (_yflgiej (jl^ id J i n a i"itl 
4lajjj>. (j^Lc. Sj j La >■ II 4-uLiiaAJI ItSI LaXI oJUfc J-^ajj (jl <--<j>.j I jJ . JjjjJI 
( _ ;r L«j V I j w i j . ^1 LaAll ^3-aX (jr^ Lu^L>.j ( _ ;r 3 L$-u »J I (_^>- iiU 1 4-jSI ''-"' a 

Li, dJJjj I j Le 2 < t »\Jm oLal i .io i ^ i^il jL»jjVI Jj i I j ie i_slj^ejVI -5j^*-a 

.*LuJL>JI L$3ajs SjlJu (jjo al 'it t'sit}\ 

jL«_il Ij ^1 *j ' J J 56 " 1 " ° (jj^'j j-^j jjxsVI ' . ■ £11 o! 

^j^aaij 4jLa ^JLc (_£jIL=»o SjL^-La 3j^?e_a (JlLa cLaj^jv £-Lu (jL£ jj ^^lo^j . cLjSLls 
(jJLa i^LjLa J>j_<j/i Lj2j 3j-Laj (jl o^Laj (.^-Ilj i|4>J 

cLXS-ta-La ^ c (jjjLill ^j call ajutl ni<ii (_gI-4j.jL«JI 4-2jj_laJLj 4jjJ|j (jSLa-i 
4_L>-1 J iJr l\ fljLflxll SjU.1 j ) i -»~ (jjJI CjLcU uii\ 2 ta • jj J;- w ^ • "jtl 

(jSLa-i i jiajj/^/l ' . ■ Sfill ^L^ I jl Lie (Jjl i n'lll ^1 I jjl LjjLJcjj . 3-alj.j JSLii/ ( _ ;r 3 

. S^J^S (j-* ^ jl^ L)^ ^° C^jIu jjjljjs itf^ljj tjJjIL) (j] 

-I La.HI jiii.ill JjS"iina (jLa i,_Lu2JI I jut (j^a JjJj dJLLa j«J liLa 

(jl cdjJLi q\ ' ' se j^j j la >JI * I a j ^ > rt Q^SL) j i n a uJI cLc^aj>Jll 
^-jjy-LM ^1 A I j* 'I jLlaltjl 4jr 5 JLl»_lII cl Lga^JI ^£ LlI 2_^aa^a-La J^l Lgajq i_LILlA 
i*jj^JI I JUjj (Jj»jJ (_i3_jJLl (jSLIj .vilJJL>JI ,3^1 1^1 i LtJJjLS. (j^s t_!jILaj (_gjLa 
Curvature of si Lea all ^i-ir <a SjLa^a -i i aJ Jjjj/VI i_^2lll (jLa 

.(^.jLiJI («JL«JI j_a jjjijJI liij^JI (Ja! ^_>L>. iSpace 
(jl ' jj ' 3j ^" 3jI_l>JI «Q_ujL^t_i jj_*jiVI ' l2HJI I j_a ^jj/jjj 
4_i . U j 1 1 ^|j_i]| LajL^j i4jja- (jjs 4jJjjj p I i a a 1 1 jl ^^jSLII ^lj_aJI (_gjlj 
r I i - J| ' a i ^i^- 3 ^'j-^ (JtP 6 -" ^j^" i ■■ ' V . 4-maj cr LX - L ±3 JJ^-y 

^5 hi i"j cL) CjLlIj lyCLujjLi^ ^-aLtll 1 1 nfll 4jjJa_Lll (j^Jj « L j -L ^ -La 
U£ j" i ii i ( _ ;r SL!j . (t_iL<SLII I JUfc (JLa^s i.'i i njl (j-^j) '^J^-" J-*' jlaJI aij 

i(jjSLia ? Laa 3j£La 
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. La (J^>- C^^'-S t<Lu^3j VI iLjj-LflJI <j-u! jjs (- r i ii-v ii_3jJlJ,l 

L^J jjLjJ (^H-II s *-2j>iiJLi i'LJLc i—SjjjJ! (jSLa-i ? I ■ ea a 1 1 ^yfl «l_L»-iVI ! JLflij 

j^e^^ jl i ,i a j-jLILi LailLa it i^l ^aSLJIj CjLjSLjoSLJI t » \ tJaAJ I j a i CjIjI J_a 

ulr <■"( Ljf (jl jJj .(jlsjVI 4_j_oL>. 4 U a i n"j tl_a^J! 4j ^^-SIj 

(J_*_o_i ^j—L^—Li jl jj_a Vj_i p^**' ' rt ■ J^LLaJ 2 i3j-tIoLj_a jl5e_>J1 ^LoJI 

-Lt_u^_a_a i^lsjVI (J^>- < «j U . >■ 1 1 ^1 ' ga all j • c^J^ Cr^- 

Lui j^paj-S ^aJj . ^ Lt^t_iV! 3jL*i j-^'' (j^-> p-J jlj-Jaaj/VI ' JagJI (J^>- La^ 
JL9 L-Ajl i u a jl LjLLaja* i j^SLJ! (3-a_c ^^,-3 d i-ia i jl i u a £-)Llj Lt^ 

jjSLaj i L$jjJL 3jLa ji 3_iLajj/ p-so (_gl tiJLLfli (jSLj j«J I jLa i3L^3 <_2j^e-i! 
f. I Lta-a-1 1 d Mil i ii J^- 3 Cj-iL^j 1 1 j a La jj£. <_slj^e-iV! ! JLfli <■ . i < n"i (j! 

i£l i nil I jl^J j£Laj (jl (jSLa-i (_g j-J! i JljO-^JI <_cj-uJI jla . La£ J-ajG 

. . . cL_l_j_Aj-J1 4_ul_UiaJ1 5 Ju-LaaX I * )jj9 t_dj^slu d i-ta i nil £JLA ji it— ujJlII 



Black Hole Rotation d£rt<S I Mini I £t j$a 

(j^, 3jLi£. ^_fl> La_il ijL$_La p-^- 1 (j-* -}o-*jjV! c_i_aIlJI »^ <"i t £cjjLj jl 

OJIaJsj jo^5c_(JI i 'I Ig" i iU LaJLuLS iCjJLr»JI (jj^i (jjjSij £-a £j(J-a ( _ ;r L>.!j a LaJ 
..4_j_jLxJI (j_a Uj^>> £-^lJ 4ijLfl> cl£,j-*_uj d mAj ^_^JLc jL^-u iclliaLl ^J^a_JI 
JL^ (jr li.l jJI ^alSgJI (Jj^J i«Li (j^sLiJI CjJL>JI (Ji-!^ i La a i uj jCiJ_i£.j 

jl j^jJlII (j_a jj^-j 5JL>JI oJLfli JlLa (^^J • 4 i n ri t J^a- Ij-J^-i ("^-'J' 
jjJLj LajLLc LaLa-i iiJLa-J Ij-flij ijl J j iVI jlj I nK i jljjjJI IjLfls £^)-<-uJ 

.dm t uL>. (^jJI 4_t£.ljj p ' ga j Lajut^, ^j-i_ol 

i»l liaAll ^j£i jL^Jcil (<s^*-iJI SjLa (jjs 3j_u£ a_j-mll I JLai i_u i uj jljj jJI I JLflij 
IjjI <-iJ>JJ <jJ L^J I ija^c-LlI CjUjjj \i\ tiJLLfli jl Lulaj^ ^1 (_yi>-J 

. J^j>J,l (Ji-!j (0^=-JI 3jLa ( _ ;r £uiejj iCjJoJI ,3^1 <-aJLlj LajLic Lfli«;ljj 

iJaoj/VI ' (JllU d ^ * ^-»- -"it I 3_Laj>o d cyxgaj^" a J ■ * ^jJI »i LcaAll ^Ltjt_)1 jl 
(j_a (j^-Ij i JJLa_a jLj^ 4J jjjijJ Jijjj/VI I . ■ aflll '■» . i"i 4J w La «_' (_g jJ! jj* 
^LSLj-A iCjJ_>JI ,_j^I «Liiai!l aLLajl ( _ ;r 3 JLfliLJuJ jl JjjILsJ,! 
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tlinnll (^3 6^.i.i an 

(^ylllj ijojclLI Sj-ua-U Cil o i nil Lai . al i^aAll tfajiijjl I J^j j j Iaj i LLl«-o 

cjUj^jSLI^Ij cjLijjjj^Ilj cjLi^jjjjjJ! jj^, ^a-c^ca^ ij^i-T j&jjo <L3j_oj 

Jt-fl>l ui I 4-j-uiJi T L_i Lfl>Lu<-a J a aj '"'I a i sail j_LA J-^ i^^Ll^iSLII i_4-t^jHJI jl 

. ^Li^jI jL$jl (_g jJI p i n->JI 4 <j iU ( _ ;r l^. (jl 4_iSL<u i^jli. 

cj! jJLi (2rul jJUl oj-a> jl>.Ij .^paj^/l Jji^ <iaaj-«-Uj 3^aJU.I 2 ,Utl 
. ji^j_oV1 ' i2uj\ ^_Jj>- 1 _i cjLjjj3^_uJ1j cjLijjjj-aJI al_alo*Li U"i 1 3-^5 * 1_La j^jJLi 

l_Lfl> (j^e-ij . SjjJI Sljj QoSijJ i L«-a S^Lc £-ajtjj CjLijjjjaUl j CjLijjjjjJLs 
cLi^sLi. Sjjij-i 4 *JJ^ '— LL"La_) j ir-il i Jiau-ul LlSj CjIj jJI aJ-it cdio I jl 

jl (j I f g .■ i(v!iJlj>J! ,3^! £J^- j-aL£JI 3 1 1,11 itL) 

jo^s-^LljJ Cjl_c.lj_aJI (jr jI/^Lljj jJI i_ij^!jjJ! jLg-ijj Cil i-r w aHjeJ 
<j1-J i4_jj_Aj^>.j 3j_lj£ <3jL>^ ^-d 3 *' «*i '■"*' ijl I 'jlf .CjI aj 1 n->JI 

j>aj*^aJI (jjLujjj 1 1 juaL>. (jjsjJI ' aiL "ii-o. t_ijjtjJ! ^Ld! dUja <_2oJlU LLtLc 

jl tcl ' a a II d 'tULOuM 4^jj>. jjo^ji) fil La-all aLLrtjl ^jLs i l_Lu La^j .^J_*J1j 

jLulo (jSLal I jlj . _ia_*_uVI < lSoJI <j-a- l_uj_u_i-i ijJLJLj t_dj^tlj c_^a£ 

.4jIjjJ Jijjj/^/I L-iS!tl I 43jjl>s (jSL«JL! (j-a (jLd i4^Jj 4-LuLcuJI 

1j-u^ Ls^llo^l 1 a b 3e 1 ijjJU ^jJI Ji^j_u^1 < i aj 1 1 ^jt 4 1 JLA jj-a ^alse la - 

1—1 j ^ ~< 1 1 ^^.3 JLjv^j CjJ_>J! (j^LS .dJj^tHj V OuIj Jjj-uI (j-C. 

lil! j (j-o 1 11 a j i ir-il i3j_o-^/l SJL>JI aJJt q\£ q\j iSjIjjJI f.\ JjjjJ! 



jJuj (_^-jJI 4iLalLlj iiJl!JL>JI ^1 J 1 aj (jl (_Ll3 dJJ jj- ( _ ;T J».jL>JI JutLiill 
ji) Ergosphere jjii 1 .i^a-jVI j«uj/I L^lL^. jIUI ju^l ^1 I gj^ j 1 ,^^ C^*-^' o' 
Jjl jJ_lj l_Laij 1 l—Ll^Lu/ (jjsjJI ' k2j (_gjjl (jLCil i(4^LLaJI ^ ala * a 

Luj La^ t Jj?" 1 11 U (^Jl (jLcajVI JiU (^jJI j Time Machine (j-ajJI 4^J, 



CjLljJ! JL>. *s_<-ul L^-lLc [j-Lta-j (_gjJ! jjii i n_y>-jVI 2_aL>. 3Ll>J!j 
2_aL»_i 2 aLiil I jl U-^VI f- l _ r ui I jj' a (j-ujJ 2 2 to ' a ^^-Aj Stationary Limit 
.(jjsjJ! Sj Laj mlb 4-i^jL>JI i "'I a i all LgJ IjUfc £-a iviiJL»J! (jj^l 

j' a J J- " ' "J^J*^ Cj*-i ^ (JSI & jLg-UI (<s^*-lI! (jl^ lilj 

La Jjal 

2JT (jLSU! ! j_a> jj? J j 7i~< ,,i U (jJI j-al ..." q\ <^j->jI I il *L2-JI 

(jJI Sjjj-UaJI OiJ I nK t J i2u i aX\ ^ I jjtl j ^ , ntl i_ijHaXI SjJ.1 eJLU I nK 
^1 3.Saj<JI ir-i jl^jjjj/ \ . j jii i .i_y>.jVI (Ji-I-S (j-a t-jljHaVI 

* frlJa-mll » *j 1 1 

LoJlJ^. ^-a-LaJLj ^j^j c^?-^' Sju&LSla La-a>j 'iJ^ 3 <j-° Lo-aI i CLalj (j-CiiJI 

3_}La <■ i i i u \ fiLtia^ <U-ta-ui (_5j^t_u ' aj^ d La 3> ^ a i J^_*_oi ' < QJ jL^-ij 
^jl jl . . ^"'^ a c J-^- tjLj-Sjj-La La-A La_jl i L^J Ju&l uj a J^SLa-i V ^1 Ji^j_o 4_*_oJi£La 
3 I »"j La_t3 =Lj/!j_flJ! (j-^Li^a Ltiai i Jj^jIjJI ijjSLj ^1 ^1 ^Ljjo I i j * a 
j ' j-al 4 ^ j '<<" Ci-r u ijH-aj s I tJa-aJI ^5 »l^a i nil * «j 2j 1 1 tJ3^J ^jl£La_i 

L^j-S-LLl (jjSj Jl^ (jr^' 4Lai»JLI CjIj_uQJI lLIIj jj* sU^. dia j i (jl (jSLx-i La 
I g-Ltjoj L^J i La-Ljo (_^J-II ^^a-LlI '»! LtaAJI *L>.jl 3_cjjJ^I i^ljiao^JI 

0J_& CjJUto-Zu JL^j d A I ", ^- 1 I Cj!j^>JU (Ji-lj <LUajsLc =L2jjJaj 
LLaja-jJ La^ Elliptical J *C i^i II Jagj CjIj^sJ,! ^ Sj^jLs. 2 a i aJ Sj^tLLaJI 

jl jLiJI <_ i 5e i ii (j_a 4_lJL>. L^j^/ iCjIj^>J,I dilj ( _ ;r 3 4_uj_a JJ^. 3jLa Jy>-J 

.(^iaSJi jLjai 



tlinnll (^3 6^.i.i an 

cj!j^>J,I ^3 4_uL>JI SjLU dJLb o' w 1 "** L° *• LaL& VI J-«-u j-jjj I jl&j 

U^jIuli (j I ^tjjUII (jjs (JjlI 1 L^J-lLa (j-a '/.98 ^1 (Jil«-l (jr^Ilj iSjjl '<*ijjtl 

> i II w I c j-_ljLjJLi gaj it ) L<i_i3 VI LJ 3j-&LLb j^c if l-i^jji * i^Jjj L$j1 

w I c L^jIjIo-Lj j-J-<tu <bjl i^uJI Sj^>J,l jjlj i L$J 3jjL>J,l 4_oj_U 

(J-qZLtkXI • <L>.^t-j ilill «LL>.j-a oil t (jy^-JI i J-^-«-JI ^3 5 a JuSHX I ^^eJjl 

CjIj^>J.I j_£lj_o ajl $ i Uj 4_<j/JLSLI.I SjLU <j_a j_l1SLII dJLljfc ijjSLj (jl 
i JT l\ *L»JLjj SjljjJI j»jjc_iJI cLaJJaj (_gjJI jLiJI J-«-><-' <j^- J-"- 1 "*Jjl 
«ljlj_<-u (jJal—La -ij^-J (j I C «QjLj JUtl j_<1/ Ajj-JJ Vj iCjIj_>J,I OJLA j^lj_a 
CjVL>JI (_>^utj LilLut <JluL^ (jlj ''"J. 1 ^ v — ! 'J-? , -'•' j^l> a O"^ 

4-uj£ iiuj| I jja ( _gj_> > j 3Ja^L<iC i CjIj^sJ, ioLujVI ij^-j' ' ""' (jr^JI 
^lj JLjlJI «Lc ^-qj?e^3 ijr 3 LaJG jJi^^M 4_ijLcia_j_JI 3j->JLI (jl • 4_uj^. 
S_«_Ju^LI jju^a 'M87 87 j» 3j-><II p i "I L^-ilc (jUajj Virgo 

3j m i nil 4jL»i/VI j! dliill »Ulr J La jjaj .SujjjIjJI ■ l^jJLII j 3j m , oil 

aJJt j^j_a ( _ ;r 3 jL^Jj ^^5=-Lll Lj-flJ LaJ (_ylll i4_L>.LjJI CjljlJLlI (j_o Qj-j-ij 

. jL*jj>U L^SjjJa 87 a Sj^JLI (jLa >«Vl (jl£ lilj .3j^>J,l 

(j^a Lg_i3 3j^?E-a 73 (jrLc ^ 3-^*° ^ Ij JJtJI <Lc ^^J?e^a ^jt ^J^J j-a] 

LtjLlcl (jSL«j 4_LajJI SjUI ^1 ULLi iSj^Iaj. SJSLA^-i =Ls-l^j LLaj 

Li^23 ^— 3^Lo p la * rt (jl Ja^3 JLso V Lul ^1 i3jL^_La Cj1j^?e^3 

<_ ij flj ^Ljl^ (jjt SjjjJ.1 j_lc. SjUI (jL JjLaJI i^ljll i_gjill JjjLIII (_L«J 
( _ ;r lJI ^j^aJJI ^jls 4LlSiUI j-i^sLulII Sj^j (_j jJ. (3^^ (_LjJL>«-) (j^ (jjjLj i*Ijjjj 

4 LujL?E-a ^^"1 1 na (j^, Jjljj (^yllll ^j?e_lII tiJJj <U-aLitJj i«L>. j Mill cLLfc-j-o cJb.^ 
4ijjJaJlj . JljJij*JI (j^s (Jij^/I j_i^sLl«JI (jjs 4l&j_o <_ mil lSJ-^*'- 1 
( _ ;r i (JlL«Ju ij-i^sLlkJI iJJLA L^J i." i j i uli^l JL3 ^^a_JI ijJUt (jjSij (_^<JI SjLo-jJI 
(_L>.ljJkl u-A^ "•lSJJ-'-" ^LajjVI 4-j-La-g «L<j| (<u*-l!I Ji-lj j-i^jLlkJI j^iaj 
«L».j^ jjV . j^jJi,! J_Lc ^_)-<j/I Igl l Ui^J ( <i:: ?-^' 0-° Cr'j^" 
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. (4j^_Lo i ' J *-J- s iJOi^- 0 '^0 
JjIj^j LaJ_k:j i( j^jui\j j f yx-uj£c ) \J\ ^L*^^ 
i jl_SLj_*_u1j JLjLifo Jl_>. ( j r jz i jj j ^"j (j^_j_tJlj Jj-tJE-niSj^M jQj?c-tJ1 31 j_) 

(jjl ^3 ■ la * jj^l^e-il 31 j-tJl-i Jo- V ULLLa ^?c_lI1 ijr 3 i_Lb jjtcJLo ^aldJ C_)Ji^t_i 

i cL>.j _} (j ^_lLo 600 ijr J 1 jj>. I (J-t-aj ^^ylcs. J l^Li Li ^jajjj cLtia Lj 3j Ijo- 4^>-J -i 

j_ua !_(_*_! 1 (_pa * jj ^SLlL_oJ1 ^1 cUj_>oj (j^-?" '-"^J * I (J^-LaJ '*- JlJ J * I JlJ I 

tjj-tLo 2000 ijr J1j^>.) 3jlj-_>J1 Jl_jju>. g-j-ojj! I g *^ j^-y ^^-alalJI 

i ' a j 

i^rU^Lo jjij-^jj ,^jj?e_lI1 ijr 3 (^Jij_l11 ^LoJU^I (j-o 3jj>.LILo (J^-tj-a (jy^ 

4_jL^_i jj-o ^j*_lJ1 cJjJLoj i4i_i2!L!l j-usLulII jj-a t ' tiJ LUj ^ r i nil 

. ^a_?eJj 1 ^qjtoJ L*_u 1 1 ^**' x * t alltJeJ L^j t Lbtxbj t ijr jJ 1 43 Lo» 

JL>.) Ljj^>. ^Jj ' r \ L^ajgJI ^5 ^.lu.'v ^^L>JL1 j-j-t-aJ,! (^^Lij j^y^ 
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pUoaJI \jS 6^. i.i an 

(jLi ij-^j-I! 4_oJiZLo jajjtLill J_j»» OJj^J (^lll 3 j'Clrill cljL-uljjJI JjG 
43l_o- 4jL^j ojSLj (jl (j£-4J (_g jJI g_5-Ll1 (j-a (yk j»J-><-i (j-o '/90 

CjLc j-qj?e-a Cj1j->JL1 ijr 5 4_uj-U 3_}LU ^Jajtjq (jLi ^JL*J1 £_a . *1 Jjy*_u Li 
Sj j < 1 a _jl (jr- 1 ^ J^- 2 - _J' '■.'**•' " (JSL1S1 (jr^- ^ "— ■ 'Lh? 1 ^ 

1 1 j j j ^ J j Sj '"II ^js (j^SLxj (_^JI >!.5j-<-aJ! c-jjJjIl!! Jjlc J-t^cJ I JLAj i*L*_l«jj 

mJ JL«_i3 V Lg_aj_>o J I t-Ti (jl (jr^' ^H>^ S^U! jlj-2-a q\ LtLU 

Jj a_tj IjUfcj 4-j-ClaJI CjLu/ljjJ! liilj cJj Ld-C i4jLU ( _ ;r 3 *j uiC 4 yn\ 

4_<j_jJL11 jj-a j-j-^I cLLl-C ^L-^- (J-^ J-J3-I d * i < n (jl j-ijJlj LcLs-i 

id < 1 1 nil ^ * jla c__uL-C I i! (^ylo-j . (jKj 1 nlj jtjLS/ jo~) jLl^jjAJ *l>.j_>J! 

ijr JI (J^ se J J (jl jj-a 1 * .y La L^llLo* (J^<L>. 4_lli_CJI J-dj2J V tCjjJj (jy^-JI 
. l_ujL?E_a (jj^. 3_li (J-L4-1 V fiLLujJa d i i u t C-Jlj La t^l-i^J-u * J^Jjj 

(jl LlxLc t^-^e-J Sj^Jj^-lJI (jjjj-Ln ( _ ;r 3 Jijjj/I LiJ2 L$j dJijjJa ( _ ;r 3 j-^-ii 

i3j-j_uLj_a »l i ntl * <j ^".tl ^J| jt^;tl t4-di-L3&ja djolr jJjL_uj ^ JL^-"1 i n 1 

i(<Lj_lLxJI (j-a ^j-j>.) ctljLk fiLcj-i_uJ j^j-iLa-uj (^^a-a^j Jlyi_o^l ' i2ul I (jl LILLs 
^1 » i"iVI (jja (J»l 1 n" t LlAj tllaje b (jl uigJI (j-ud) (j-C-«-i V IjLAj 

<_i-S-i J^Lj_o (Jllx-i (_gjJlj i^^SUI (jLa^iaJI IjLA (jjs j J 1 aj (jl (j-Cx-i 

i ( Lb^_lj-J^_*_u) JLjJLjIu jl »**n nl (^y^ (Q-? 0 J 7- ^ ' ' LaJ_Lc «U| p U t (j-^ 3 *- 1 » Jji^-tjul 

(jl (j^Laj ^1 » i"iVI (j_o (_gl (j-S>-Ij i(_ T jj-ll jij i^ill (j-o MjLa IjJia (jlUj 
^jU", , ,. 1 1 j£Lii (jl LLlLc ijl JjjJI I jut 

lilj .3L3c_3 (j 11 <i i"i tl j_j_ajij j<u jJj (_psj^/l C_J-C^-C ^Uh*^' (J-«- :> <- 1 

, \l ; , ,, LuLa isLiliLiJI 4jljj_<jJI (_psjVI 3 Jjj-J 4 K i"i a (j£. jjtajJI I c 
(Jjt_flj dul-C La_C t(j n 0 i"it1 (J^>. (^jLcia_u jl JLo (jljjjjl (j£, ' L$j| 
4_uiL>- (JljJ J-»j) 1 na ■ Laa. ( _ ;r 3 (J^LLajVI ( _ ;r 3 JL>.G L^jlj i(jH i 1 nil (j^j^Ui 
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Cjj_oJ JLS (jl J-«-J ijjL^J (_,jL«J _^=tj (j ii g i"ill J_y>- JljJll JJJJ 

(j 11 n ."ill 4_u jL>- (j-o J-*'' (Jj-^J i" 1 nj (_£ jJ! ojs^J! ^Jt I JLAj 1 LaLx-s 

. Gravitational Radiation ^ jL*lII ^LuSiVI A Ac ■jlU". j I (jSUj La jj* j i<G!i 

CjLs^UJJ i." 1 J 1 1 "i^l (ji j-La - k» ^ j 1 JL3 1 LtaJb j <a 1 uj (_gjJI ^1 < uiVI (jl 
^iL^tlll ^1 < uiVI (jl ' a uuSLj (jl 4_cSLaI JLs-I (j-a La (jSLIj iSjjjJ! (jlr SjJLS 

j-jjj V 1 1 JU>- ^ ta JJ 1 a_j-a-La 4_<-3 j_uJilI! (jl Ld£ 1 '-^J- (_Lj-1-3 Lg-La .i^>.j_U 
Sj j j ^ 4_j_jl_tiaA]1 ^1jj>.^L! A 1 1 11 ilLi (2>^J *L>^J^ t— Cr^" l)*^ i"i 1 

S^SLII ( _ ;r i u>^i lP'-* jLJ - a j (3 > (jJ! W J^*- 1 1 1 <3 m; cr^^Li*^' 

LlSj ^j^oSLij jL^-Li «iLtj>o |^t^ ^-jjL^ cjjjl>. ^jl ^LlI! ijl_^_La 

j-aJJ (_£i_jjj^>. ^ySLLdJl ^qJLjlJI LoL_4_i dLt^ La 1 JLAj i(J_a^/1 LjjJLrej jl_^_>Jl 

I J ' --"-^ (JT H!1 ujjLseUJI jjLu duL£j i 1969 ^Lc ijr ^ 3_«_aL?c_) 

4j1 jJa-ctj| (J£^ (J^ 3 '3^0' ^^J-i^ 1 ' " Cr^-^J ^4^^ Ct^ ^^-J-uL-i 

4Hj1 jia_i_u1 j3Lu CLi_jjrs_i 1 ^ ^ ^ a jl ^^tl 1 JLA (jl^J i 1 jILa L^_uaj-Cj t Ojl^J^ 1 jILa 
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pUoaJI \jS 6Xuoo 

Ijl j a. ^Usl J_2-3 I jjj . . Lgl-L»-* ah j-JJJ ^jSliaJI joJLkJ! (jr^-I' c^- 3 '^?^" 

Sjx. uLaj>.V ^ 4_il i I 969 aLc ijr S j-jJJ (Ih^-'j * U5^' (3^^ ' (J** 
(jj-SLj L o j-^l O-iL^ CjljLiio^l £ J_A j I l_<-ia_j t «U ^_tia3lj t4jjl_L> CjL>.j_4-i 

ijr 5 ■ La ^**' U J i^Lj' ^^j' ^J-° L ^- i i ii *-^ J ^ ' a-LcaJ (j-* (J^i J^>-l J-JI SjLo 

^Iji m.VI IjL^J !jL>. 3j-Lt-£i2J1 2LUaj_J1 a . 4_uLilJ1 ^ J^i-*-" '600 4jJljJ 

5_jLa j^jJl (J£^ Cj JlJts_i dJJ!i (j« 4 Lb j_jj_jj_<_u jL^tAjV ^jJoj-ju Jtb (ji^-) 

. ^LjI ^-"-D ' ^J^° ^Ln-iH/Vl (jl j-jjj ^JLlII ■ ^Lh 1 i^Lc 

-p^ LgaaJ fj\ 4j>>jjJ-j uaL>JI O^jJI ijT Io^-lj-u^ tiiiiJI ^1 olr Cjj-o^ 5 K uill 

^ \ c .2l3jJH1 2u_*_uj_L^Jl 4_u!iL>J1 4jjJij ju_b 

Qja L^jJI j-liilll c-lssj dJJ jJj OjL/^' »La-Ll JUlj La^jcj j-jJiJ 

j ^ ^ tl ^e-La-m ^ 1 ^ JlJ J_>. jjLoO- JLuaj-a c_<_i^j3 ij-aVl 1 JLA ^^^^LlJj 
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<ji d$rif yU <JUb 

< i 5.J ^ 5.J L$-ii !il a Luj^?e_a j^j-a * JjJs i«L>.^t_ulJ1 L^IuLt-isi ^^^-11 

. Luj^>J, (_gj^jJi! «.j^>J! i_ iJJj j-Aj i jl>. jjui ^1 (jljjjJ! £jj-<-u (JjLa jjj-uI 

l_a^ ^j^-ila 4jLa 1 f i ii o mi jJL9 L)3^ ^-^J '^JL?-^ ^jjjV! < Jul I I JJt> 

.JjLgJ! jjjj/VI t_jL2iI! Ijuk obj- 5 U. 1 ." "J 1 l£>*-^" oL&LjoV! ^ SjjLuaJt 

^ I j " _^a_-u^1 < t-dflJI ^J^>.!j 5jl i ii -»JI jj-a ^-q^e-a ijr ll j-jjj ^jLlu (jLs 

_a^e-> (j^jij jl J-a (j^-J ° <J"* ^ ■! ' " " '"' i— i! I (jyJI _a^- 

illLlI « la us) CjJljo (jLi ^ LuiS Sjl i n-»JI o_>_4> JfLo C-jliC i(Lljj_5c-a j-ax. j 
.j_u_>l_>J! Lill3j I j~ la 3. y a <j^-a-i ' l-^J^*- 0 
i Lljj-?e_a j_Cj-a ^^y^ ^JjL^JI _^oj-j^M ' LdlJI 1 JLtfc- -Sa^>-J <JLalL>.1 w a * * V 1 JLtfc-j 
J_a (j^-Ij .^jLaJLl! £l_»_Ju^M ! I j j i n a !jL>. 3j_u£> 3x.j-<^J JJJJ 

.Sljjj_»_a oLjIj La Jal 4jI J>auj/VI i . lSHII IjLA i_ i j i h_i 

I j"' a j » a (jSLaj 4^j_>J! tfJUkj . 4^.LjJ! ^^yS j-J-a 50 ^1 J-LiJ <1cj-<-uj 

Naked Singularity jSji' 



230 



4l&J (jjV J^ 1 ^ J-S^ L-JlJ l gj J ^J^*" 0 ^J^" 3 

Cil j ^ iiJl_La (jl il .CjjJ_>JI 4_iSL<a_4 j-a^l J^'j o- 3 ^-^J ' ^ jj * " JJ r 

JLt-£5j * La^L^ Js3j»ajV i4_i^l^ j-lC i Lfl-L^aaJ ^Jl Cj1j->JL1 «Lc ^_*jj?E_a JlJuj 

c^K til VI 

. ^Lt3 4jjJ|j (j^Lx-i Lxjs ajLa (ji^- (_£jj-x-i 

S^UI oJUt tjj-Sj JLSj I ■ eaj] JLCo-l i-ilLut <jSL!j SJ ' II 4j^L>. Cjlj^ca jl 

(jl 1 £j 1 ii II »l 0 Ut (jSLxj V pj (j-oj ^-*i3J cH^' Sjlil (j-o l< ^J-° 

.j»Lc J*\ ifuJ OJ^-!l SjLtl <tali£ , U , „j" ^ 4^j_, IjjJlxj 

( _^ia_aL^, 4^LLs jjuuaji jj^- uiXI ^y-^> »lji^ 1 nil » »j dftH Cj^ yf 1 JuLJ 

J_4J (jy-J-ll ijr^ >l Jj-«jiJI t_1^2ilJI J-* »l 1 U II (J«Ljijj iCjIjjl j£Jl^ OJ^-" (jr 3 
dJLla (jl ^j^ij LlCJ ijlj 1 ,itl I jbt (jJL: ua>j (^SLI CjljjljSJI 

1 U S , „~ ^|jj,| clsLL (j-a '/.43 ^jis. * 09 'jj^ JjLa Jjj-uI I j Sj 
Sjls-Ij 3 jinn A ^tuLi U^jj-iu 3jLl=JI 4^LkJI ojutj i<tL>.b 
i_jL>. ijJLijkj . cj I j j I^SLI I 4^Uo j j ■ aill I jl>. ^JLis j p »" ^ ^ L;: ^• « ij»Lc 

. _}j^?e_a j^j^a -i^>*J (jl£L«l ^_Aj-(jVI (jy^- ^ ki^Lu ^o-I-g. I Kill I *J 2j 1 1 J^>*I 

JJJL>. ^j?e_l1I i^aidjj Lajut^, t^j^Hj CJJL>JI (3^1 (Ji (J^ 3 (J-° tjL ^ 

-cjIjLJuI 3jI (jSLulu (jJj i( jJjLijjLflji/ jJ^s i (^iLstiJI ajl^s • 

. ^j_u^/l ' JaflU j^j-o S^Liil ^ o**i 1 ntl (j^iSaJI ^-JJJ 
u Uia Ljjb OJ^J Jjjj/^/I i_t2lll j^j-a o'- 3 ' cr^-^J 
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Symmetrical 2 i a LSj a 3JjLi1o Lojjo L^Lal (jjSLj ^pJI dilG <L^jUe-ij l-ij-ui 
4_b jl jlj^s a I S3 (jl i4_l3 i-ilj'C iSiXI jjja (jSLIj .Collapsars 

I jjj 1 aj I jl LljLa i jlj^qJLij . jjjj/VI ' . ■ 3!iil cjjl>. (jj^l (jjj£3 ^\ (.g-ijj 

q^ju 1 n aj£j~a (jlj3 1 l_]_}Lc Jl^j_ut Lloj (j^£Lll cUjLa cLcj-*_uJ JJJJ Sj-u^ 

t_£j"< i u o (jj-^J * Jl^j_oV1 ' t-SlJI J-^. jG_c_l £-^J Ja^. (j_o Vj-l w ai> (J*N i"i 1 
. J^oj-u^/I < Jull j^j-o (l)^ -4-1 (J"°J £jJL>. (3^1 tllLxA (j^-i (j-I ' d fll^il 

g-jlaj ' (jJ I J M ll (jl liJJi isLjj-LflJI jai«J (jj£Lu-u-(j_a-L«J! (j£. 4-uiiej 

niiji L^_ii_a iSjj_>J,l j^lj_LI ojla c^jjSu Ijlj . 3j_&LtaJI a j a j 1 ojj (jl 
. LiliA!l c LjJjJ ^5-^3 3-0 (J" ( u 
(jaSLc (J-«-«j (jl (jSL4J-(jl£Hlj (j^sjJI *— o^*^ lilliAj 

i^jjvjJI jj^, ^ 3.jLU I jj a jj^r 1 n") (jl (j-o Vjua i«IjjjjJI t_!j^!UI 
White f.\ us-Jlj II 1 . 'j II ^ 1 ..I L$alc j I Laj j^ljJ.1 i>jutj . JljJl>- (j-o I 

a j S ' (j a '_' La mi nV 4-oL«JI 4 jj 1 n ill 4jjJa-JI ( _ ;r 3 (j^ijjj .Holes 

.jo-jUs (JLaJLvl j-A s I ca-j-xll i_!jji!iJI -S^J-J JLoIo*! (jiLs i^ljijjJI 1 . )j S-ilJ 
jJs jl J-oj 

d * Mil ^ I LaJ Lo^ 4(j-ojJlj (jl£LLI I JJ** ^jOJLu j^)-o O?""^ 
. 3jLJjL>- j» J-><-iJ (yJJ^ jLc. L^la (j^Sju 

» 'j S-ti I 0J_& Jl^>.J w I C (J_jJ^-j-u3l_>JI dt^JI (^ylo^-i-il LlA (J-ojJ (j^J 

Sal LalJ i Ltji^>.j IjjJsj^I Jl^ LillaJI »l a If (jl (O^j-J "" I 

2 jrij^ uJ Models 3ji>iLjjJI ^iL*l!l (jj-»j 2j Ijjls-Ij iCjIjjljSLi! SjLjJI 

Lg-lic j I LaJ (jjJI CjIj^sJJ (j'"*.' (jr^ (>ajaLc, > ( _ ;r jl/ 4-«3 1 ill 'j' a 1 1 J-A 
3_j^jj|j cliLUajj j ' 1 a3 ^ylll lExploding Galaxies a * 1 1 cjIj^J.1 ^u^/I 
(j^j i(j^£LII L^>-jL>. SjLil ' - ■ i u liiiiJI »l nUt (_^>.jj (jjJIj 
l_LaJ_2j I jlj . L^ij-lj sLca-LjJI i_jjiUI (j^s JJlC 

«l JjjjJI i—jjilJI (jl Ljjl i*ir I ( _ ;r 3 (jjJL>.T 1 1 u ui 3 LLa ^La^/I (^Jl 5jJaj« 
dJLut (jaSj (jl ^jijIj Sj£La L^jl J-»o i Ja^>-^JI (j-o SjLlI I jj** w aj 3eJ (jJaLLo 

(j-Lla-j ^o_j (j-oj (j^£Lll (^jJI (_^jj>.| 3j-o S^LLI j^^jG -^tH^ 4 ' ' ^ ! g ' ' ^» 1 * j^-Sj 

.Cosmic Gushers ^LujSJI cjLlajQil ^u-j 
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.S t _^Ja_u^1 ' l^JI (j_a J^Ji^J Cj^L>. (j_ll (j»a : (JI J-*-" jL*-i ^ Ll&j - 

•.(jiJUla.! LjjLp^l Ljji.1 Ijl i Jlj , nil I j-a> ^Ic J-iL^I <jSU-i 

Ul m! L.T- 

.(j-oVI IjLfli i)jjL>. (jlSLal J^Jj 4-lUsLjj ^jLa-i tiJLufcj) Q^SLILj (jjjjs-l 
i— ij * "< H ^^.3 S^HI w a " se "' j<u (j-aj ' Lljj^ J-i^- J-*- T Ljj£ dJLuk (ji jl - 
i4jjJL>. (jSLa_i *- L * a ^' (J »I1j ij^>- 1 (jr^ (^SjGjj i Lu^£Li frl-Sj ' nil 

LlL^sj JLaJ . Luj£ ^ (jj^jGj ijjs-VI (jj^JI tr^ U SjLI.1 (jl mJ| 

(jjiJI 3 (_,-fl> La J!la iCosmologists o>S-!l »l llr =L>-I jj cJlj La ^^ill 

5<d I ■ , ,. Laj JjLv 

Luk (_)i^l ' ' ' "j 1 J j S3 ' ■■ i U 3jljJl>- 1 ji" dljjj^iil t-jj^iJI (jl 

p"i j mi j_al 4 L_ljj-_>JL 3j j ■» itl i—SljJaVI jjj-llj a^j*_l1I (j-u j a ■ "II (jl 
Jl n"i i ,i i ii II i_jjjiiiJ! (jl Lajlj (JLSj (JL>J,I I J-fli (jy^J . JUJtjJI J; 2j mXI 

|__| 4_2JLx_a 3JjjL£ L^_ll j-UsljJI (j-aj i^^*-cJI (j-U (jjj-bl i nU Sj j La ■■- 
4JLLa-mJl ^L^Hll p**n i ii j i^ajJl 4 -i^ -1-0 ' Ll^j L^a-all ^Ijlj Jt^-I L_3jl_t-£5 

, Jl^JK (j^. Lfl>4;LtL>.lj I Uij i L^-i3 (j-4-1 

»l nUt 4 K i"i a (_gl (Jfla-l V (_^LuJI ( _ ;r «ja_Lll a LtaJLlI ( _ ;r 3 tl JjjjJI t_1^2jJI (jl 

(jL^ Ijl VI i Ij-aJ-ll Jj_<j/^/I <_i 5 ~ 1 1 S_JJJ (J-° " ^ i^a-aJI jljj (jSLajj (jj (jSJ 
(j- 0 ^ i4_aljj (J*C i"i (j-Lc 4_L>.lj (^1 j_3J_u (_yJ.II jljll 4-1 La- i u-l LULa^s 
iA^j*jJI (jlj (jj^al i ii U g I i all jljlj (_3^. Lj-&lj> \j Laa. (JlLaj >IjijjjJI t_!^S!iJL3 

. Lipjjj (j$L«-i V (jLo-^M p La « a (^ 4j^/ 

(jl LijjLl! i»l .'^All 3<niLiJI S_JL>JI oL?>l . ..U dJJ3 Lij^jG I jl (jSDj 
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l_Lu La^j . 4jLiiI SjjLj 3Jl_<^o ^jJt (_gjLc ^*-Li r I ' - J| ' a J^lj j*l JlLu^j! (JL«Io-l 

(j^ *C j J LojJt^, L#jIj t<L»ie-LgaJl ^j?e_l1I Q^SLHj »lji^ 1 all » «j 5j 1 1 (jLs 

jJLto^Ls till]} ^jyl^J 1 <<t^M ^j?c-tJ1 4jjLiLLj I Jl>. 1j-jjLi-a 1 ^ -3*r 3* (j^-i 

CjL>- £A (JSLi (ji^- iSJsLlaJI (j-a 3j_u£ CjLl»£ (ji i J i a all I JLfli ( _ ;r 3 l_Lu JLaJ 
(j_a £_3J_t3 (j-jJI S-lLtl (Jj>-ii isI-Sjj-uJI i_JjjsiiJI jJ-Lsaj (jl (jSL<u «LujL>«j 

<u!_i diiill »l glr Luj jJia Ij^J .5loIjj jSLi (^1^ *ijJ->JI <3^l J^>- 

-SjjJL>- SJsLIa jjLua^a ^1 ^l*W~i i u 4_aJ_2jA! Ljj>-^J jjSjl! I (jl t^p.-J j-flj '"II 
jjSLfl-i 4jLi « LjJLkJI JL^j 2 al tall MjLa I j 1 ' -* " »UJ ' ntl i ■ ij-Sixll (jSLx-i 

«I_L> (jSL<u 4jL> (jj^i-T »l <i Ir L«£ ^1 « i li£L*j ^Ll2JIj ^IjijjjJ! 

' JaflJI 4_u!iL>. j-jjLj ^J* d i j_i Lo (jLcj-i_o 4 ji^_t_u^M < lSIxII <J^>- <— .u t SL a jLIal 

5alUU j 1 ,^. n <dt\l i", „l <jSUj ^jLjo ^1 < uil -S^J-J (jJJ LS-^ji? I j-Aj Ojj-uVI 
jj_a 2 al taJI ^lj-j»- " i »V i(_£j^>.| 4_2jjJa (j-"jlJ-J J-^jlJ £>^l JlSj 

( _ 3 jJI (j^J (2JaliaJI tLalaJLa) j jri i n^a.jVI (jLi iSjIjjJI «IjjjjJ! i_ij^!iJI 

S.c.j^ j-jj-js (^ 5 , a /, SJbSLJI (^jLuj S^LLJI (jl j^jfc i3_tsLJ| j a^LLJl 

l_^_j| I 0 ^ , P I < ^ A tlj ( j_aj - J| cLjL_j_tIaJ ^-jlj (JjI't"! cl^t_uj aJJb^ > tJaJI 

t_iLuj/lj 4_tJLi^.jij jio^Jlj 4jj jjl (JjLl2JI cj^icLiS ( _ ;r a (j 1 ujSjil <-; m 1 ntLi LjjLxj 

.^^J?e_JI^ (j ml i"it1 ^1 « Mil 
(jjjj—i) (jQLc Jl_3 t 3 I ~i< II j 2 al La 'I (ji_i 3_3>L«JI « jlj-c. (j I r j 

' 1 5 j 1 1 f*\ jL^-"t 1 nl (jl£Lol_i 4 Luj^ojJ l£Li (^^^tjjSLllII j ^ * U (j-o ((j'C < n^i£3-uj 

2_j^j^|j_I| CjL>-j_II Sj^ -i j 5e 1 SaJ (jSLxJ £ Lij-«-a i_3jjJi (^r^ , d I , Jjjj,VI 



(jLa iL^jic JclsLJ! ^Lt^i/VI ,j-a '/.99 ,8 ^Jl^- <j-o o-"^ 3j.>LaJI 

' i Soil ^j- 0 l-A-iljGjLl Cj!j-o p ->■ . W« ^ji ClL^,! « lmVI £JLA CjL>.^_a 

. £\$J-*& I ' ' Soil 1 
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Jj£l La ^j^sc-ljj (Ji* Ju (jl La (j^-Jj * W^^JrJ^ 
!^j_al_c.j » I Lta-flJ I » I a-Lc '— » j «LcL»-<lJ! O-ujI 
iji-l jJI ^JSs I iLa i_Sjj<j (jl IjLl! ^jU" 1 ,1') (jj 

jl3 ojSLj (jl ' nf Lo (jitsLu (jl ^tvi 1 11 \ V j<u (j-aj 

(j-c (jV! Jm>. Jjja La (jLa i JL* ^! (j&j 
L^-il i-kj-iu cjLjjJ^j I j 1 1 u! L«j| iSjl g-UI ij^c_Lll 

j«J I—LlSLIj ' s I Lta-flJI *>tA^ (jr^ 3 ' ' 

(j_u_fl_Ljj . ^ j .iLc 1j-*IuLua IjLilo*! (_£j^?o (jl ^Jsaj ' * 
1^ Mil—L-a 1jl_i_L>.! (J_iit_u (jl Lu SL qJ i< 1^1 1 ii^/1 IjLA 

(j 1 c cjj_>J! (j-3l (_Li-!j> I jut (jjijjjj . I g-Ac 

w 1 c i*'l 1 J I LjLj^jta-j 3 J .' 1 ' -^a-*_j^iM ' lSoJI 

(jj*C" 1 11 LijLSLai (jl ,j_o JpLscH-ll ^jU" < »\ 

4jjJL>. jjSj-i-i Lax. LuJUa !j-<I/j-a 
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. jL^ ji _jj JL3 (J_5^J ^'-^ J 1 '^J 
4_uLiiaiJ! Sjji^U i>Lt3 LulSj Jl3 LuiiiJjjj V jJa I Vajtl ! jut 

3^1 jjL*Hl (jl La (jdj . LJ 4_uj_a J-^C i.*iT ii^I L$j| liDj ioLsoVI 3 JLo-J 
d-C ^ ^ C Lj/lj LlaliLa LtLc ijlaj-u^/l ' ■ I flfill j^J-O isJtjJ! 
(_gjL«JI LULc w ah .(jLCU £-a (j-aj-II J-aJ-b d J^' a (JjitHj La (j-a ULc 

jj| Jaj ,"i \ , - 1 Lta-aJI oLjol (_gi (^-Sj 4jj^sj dJj^tjj (jl LuSLaJ i<_SaJLtl 
4_j| i JU>.!j i>L>o! ( _ ;r 3 Lajl.5 j j i iU (jjsjj! Lai . 4jaLLaJ! LJ j^jjj 

IjUfcj .jaLaVI (jJI IjUl j-a-i «Lil V! CjJ_>J! (j-fli ^_La_m t_ij_i!Li j La jj 
iJj^Lia^M \c oj Laj i ■■ LJ (jjSLj V ' ill * j'a iCjJL>JI 3^' LaLaj <-AaL 

, , ja_*-"^ ' (-SUll j^j-a * ijjua jcjI _}j (JjL& (J£L*Hij * ) JL^_u (jj^_t3 i LllL>.j (jy^Lc. 

' 3 0 c 1 a 3 0 c ^ * )JL^_u (ji (j-a LLt-La-i (jl L^Lpsj (jSLa-i 3^9 4_il ^iLaj i 

(j_a * ijJLJLs 4jLLa_)l (^y^ i. 1 1 1 ujj (jy^JI (J-al ^OJtJ! (j_a (j_ajjl J^J-^ 0 (1)^-*' 

La^ f^J^ Jj-u/VI ' . i 2g]| j^J-a ^1 Ll1L>.j (_Lt->«J (jl (j-a LiSLaTj iCjJL>J! ,_j^l 
icLaj^j 4x.Lcuj (Jj<L2j (_g jJ! J-Aj (_^L>JI 4_Laj (Ja^cJ LLa ^>L^ ' L -^i> J 

IjUk (j-3 3_jJlLiJL3 (_j^l (j-a L^jj^j Lalo* J-J-»JJ 

. jlulj jutLiJi, jiJI (j^j^La JjL«3 i (j LCI. I 

La I i 1 aG lij i Joa-uV! i_cSHJ I La jj ^oJ tijjjb (jl g-jLa-i uUJ 

(jl .JIiJlaJI 3_5"2 (J -0 VJ - ^ O' tJjL^e_j LajLj^. * j_UaiI CjJl»j 

La J_i£. ^LlLa jutLiiJ La^ «LuiL>JI (_J ^js £ ^4^. J-Jjj (<U (j-aj i4^LLa 4J « j-liaJI 

^ j ->»t | ( (jydj * i '-^d>^ 3 Cr^ ^ * J L ^ ' (J^ 3 * (j- ' t ^ -t-i 

4_i_ij|_>JI Sj^ w I c i. i 1 (Jj-^J (jl c ^!^' ' ■ lS1]| ^Ja ■ (jja 

. (jiajsLiJI il Jir»JI 3^' (j-^! f J-^uJ (jr^'j ' W O^J^ 1 ^ ^IjL^JI 

(ja£Ll 4 Jlaj_u^l ' JllH ^eJa-u) (j-a * )^j-^JI (jjs I * J LgaJI (j£LaHj La J_t£,j 

^_a i_ i < ir LUIS f. j tl S^LLa (jl <ii_^>.j i4_ajLtjJI id^LLa (jjs j_uSL!l jJia Jl^ 
d LcaAse-La 4HjJ_i!i (j^J a^jL>JI (^jJI Ij-o-I (J-t^aj (_£J-11 g^-Lcaj| (jLs (j!il 4IuJ_i!i 
JL3 i(2LflLLaJI (jiajjeJLa) s-j-i^aJI I j-4 (j-a 4jj->j So^-j (jl I huaj£ jJj . IjLa. 
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(j-oj-ll 1 J_A j^J—A 4— i_*_u_i <jl l_Ll jJ i«LcL_u CjVT j-i_u_uj ijr 3 CoQ JLje!u-ti| 
^ J_s>- j ulj 1 ^ *C tj 4«L^jLfu_o 3_cL_u d 1 1 n ->o i^jJI LiJJj jj-a UuLa_J J-<^ -jjCj , „ 

^2)^-4-1 f^-J-? i (jr > *j\-^\ Cy*y^\ (jt^I ^-^'-^ CH*3^' < ^-'-'- UJ ' <-«-^aJl jj-* L)5^H-° 

' l-SAJ 1 -j-* < — 1 jo^-J 1 (j - * La 5 ^ja jl>. ^3 V t : ^ La (J 1 J_<_u j Lib 1_La j - 

(jjs |jUj_a £_Laj (jl JjL=>o tfj-^Si Sjja 4jI (jl .Sjljjj/VI 
jjt J*^j i u 4jaLLaJ! aJJt jJuloaj . Lyjs 'jrH^j iijijo 4jsLLi (J i" i"~t 

i3_LlSLII i>j-^J 3_LjjL*. Liaji dJLlA (jjSLu^z ,j£LJj-4Jb£ 4J (j^ jJ I ^Cd , ..y, 

jLxjj_iVI £_ La (Jjl_r»>j (jyJ-!! taJI (OJcjs- I i Kj ijLi^jVLi (_L-*-*J ! J-Aj 
I JjI (jSLaj (jj jtu (j-oj 1 ' « i a 1 1 (jjs I Jjj-° ^ J ' Jlj:e ^ I Jl&j . 4_u jL>J! 5^ 

I JUt (jl j)J i J) L-l * " 1 1 j^J-a (jyJJ jLl^jVlj J_uQjl I Jut 3 (jjO t_!jjjJI 

.tfljiLalb (jl (jLtaj'^l (JjLs- I 1 J " I till Jl?- j i ii 

i Uj ^ , ,,11 cL3j <"i i uj (_gjj| C-l3jJ! (jV i(j-ajJI (jjs 3j_c3 JUu La ^\ «ULl>-13 
-(j n o miTI ' aj^ua (j_a M-^ls i}<^ J)^j_u^l < Jaftl I (Ji.lj (^jjS jiCj-LI 

Jj-i-ul ' ■ ■ Sj 4jjslj_a JLu^,J . SjLs-ljJ! <LuL\I! qj» q^Aa JL>.lj ^5. J-Lu 

c_<-Sj 4jr 5 Lai .j^j-ll J_t£. ^LlII j-LajGJ1 ij yIL>.j iCjJL>J1 qj* ■ 5-uJI ^J"V 

^^j-Oe-t-oJ t Jljj i l_ujL?E_a (J^J i _ ;r 3 (JjLa -i^J-ut ' tJuJ <Li_i_olI Li ■ La .CjLcL_u 

ijr i_C LlA ?| j_*_u ^jL^ Lj_u t icLt£. JliJu^Iu jJl (jl J^tJ-J tjl C_<J?EJJ 

i JlJ_i_u^/1 ' cSHJ I ^ (Jj>-1^ 1 * ^ ^1 't ^JL3J_La LLa-L^-j ijJ^_) jjlsjVl 
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(j-oj . LLjla L^Ljjaj jj i .M a i iio^j (_gjJI Proper Time <_ . i hLUI Llioj jjfc 
(j-C iijL^cJLi (jl i_il j-iaJI (j-o (j ii j I 4j| LiLLs 1 I JL& *^P^-^' wJJL) CaM 

(Ji-I J (^^LUsVI JjJLkjJI I JL&j i4jj/Ll3 d J^J^ lT* ' OJ- 5 ((j^j^O 

.^jlSLLLi (j-°j-^ l£1Lla ^-oJlIj t-^p* ji^j-u^I ( i 2j 1 1 

I gglc <_Sjljiitl i_dJj£ ijj-ajJLi cLi^sLiJI fl^SLall (j-ujL ^1 Jiitjj-ul JjLaj JL3j 

' . ■ 2fill i_j ^jlg ' La 2 1 ■■ ' (j^ajj- jijo jj jLi£,j . 3 4^1 1 ii h i i> jij»J! J^sl £jL>- 
cijLcI i .1 II I ; fc% ^ V Ijlj ojjia. (jjj (j- 0 }-" (jt-«L>>jVI jlo-j jijjj/VI 
, U ^ \l j cjjl>J| jj^l LbjUa! ! jlj i^j^a] j j i n"i L$j| Li! cjjuJ ! jl>. jtl 

Ljjjjj-o J^Li-j . Lallax i-LIjlxjj V LgjL^j J^^J Cr* 3 " ' ^^>*" w ^ L^J 1 

oLjoV! i .1 II i— ij I 5-c l-i-LSJu ij^jj.1 ,j-o Lbljj2lj cjjl>JI 

^ JLSjj (jl (jjs Vjj (jjsjJI (jl ijj-ojJI ( _ ;r 3 i rrl-»JI ^1 j j i ii ) LuL£j ^ i kSL«JI 

3j-u_o Sj-aLLs ■ La 3> ^1 * (jl Lu SL aj i Ji^j-u^I ' lSoJI j^j-a ijr II i La 2 i « Ls-Luj 
L#] (jl LijSLalj 1 LiLlS 1 La 2 1 8 I 1 ea^ >-L! 1_Li& (jl I ' . I JL>. 

(j-a (jSLjlli (ji^ iiJJ jSj 1 1 j^** o' ' ""' L$jLa ^ j'CI 1 11V JSLj/jj 

j^j_jz 1 n 1 (jl I lxuS) l!il_3 . IjJjlj eLa-2-i ^Lca-fl a 1 (JjL_uj 4_iL>.l 

JLi^aJjVI l_La g-J^ali 1 1U (_^S>-Ij '(Jj^*"' " ^ 1 '^' a " ' " £ *-^>^ Oj-uiVl 1 ■ ■ 2qJI 
■ La fll se ' (jlj 'J-f^ (j-^! ^ Ltaju I * 1 gaju (j^s (j1_Ljj^ dj^- 1 (j' S- 1 ^*^ J^^W 
Ltiajl (Jj J_^£ 1 ^ h j^ajjl ( j_o_jJj . j^jJLl jj-s L3L4-J 4^1 i nil (j-aAj ^jji^. 
CjLo 1 M 1L p~ j ' JL3 Lj-Luj .^v^^jjJI JLjJLti/ jaJLtJI \jJt ^jjs (5^1 1 11 U) f J J " 
I 'j j 1 a a ^Lcj^l jui/l I 'T** j-' i(_Ji>l JlII (j-o Jij-<-uVI ' . • 2!iJI J'C i"il 4jjjJlII 

4ijL^J| 4_ujL>JI -^'-O-^ ^JJi (_)jt-a_l (j^e-ij LljLa . j^jJkl (j-a t_!jH2j (j^e-lj 

. Jjjji^/I ' _i S!i 1 1 j^j-o J-i^. 4_uL^j V ~ j 1 aj i_y-^>- j\j o~< 1 "Li I ijlr 4jlsI jJI 
J_«_i (jlj ' I ta-Lc «Lj_ijl_>JI (j-a IjljLia VI J^iitii (jl . .. 1 

(_£ j_2JI (jl . 4_j_iLjJI (j_o l*j-^>- ^- 1 J ' l*JL»" j J ' O^j (J^Li. Cj jjiil LLuLflj! 
jj-oj ijL»_JI J_a d *j Ja 1 4_i_tHii 4jt_j_LLa Cjl!i i^Lcia^JI Jtjlj ^in^- (jr^ 4-*- a I^JI 

£LusJ^ (^JL- ^rh'^L>JI ojSij jl isLaLol tfLoJi^j I La5l 1 ■■ Ijl OjjjiVI 
. j^J_U (^C I JJ I 11 1 JjljI ^jJt (_^jJI ^ n 1 n~v «ljj>.| 4_LflJ (j^ 



(jLa i Jjjj/^/I ' . 1 aflll ( _ ;r 3 =L>.j_>J! 4-2-La-U I (j_o »l LeaAll JjIj t-JjILaj LsJLlCJ 

Jja! j-lc ! jl>. 3j^j^ L^LlILls ojSij ! juj i^uL^j V Lo ^1 jjj 5_ujL>JI (jjja 

2LiU VI tLUaAJI julj ^LLaj Vj 
I <* (Jlj-J V (jj-SLj I J-^-J J-^J i<Laj3- ( _ ;r alj (jl (_Ll3 iq ii n uJI (OJc^s- (^jLjij 
IsLjla VI Jijjj/VI l-i eul I JLkjj V (_gjJI) CjjL>JI Jj^l (j-a ">jLl*j 4sLjla 
(j_« (J-aji lJ^- 5 V (_£J-JI ^j-uVI < lSoJI (jl ^-Lgajj I JLA (jjs . (' ^ ' aa )j Ij-*- 0 ^lj^ 

VI i)JL>JI J^sl ^Loj (*^J v'j-^^W J"- 0 ^ iftLilaAII ( _ ;r 3 j-bl i ii a 

< i S-i jj-* ' " a w 1 c j— 4 - 1 LajLLc i (J-a-*3 ^^j' ^-^-i S^js cj^ i ill llsl 

.4_La e^^£. V (_gjJI (JjjJaJI ( _ ;r 3 JaJL_u Vlj ijij-i-ul 

d jt^dil ttt^Jt M$A«lt 

(jl (jSLxj i Jjj-ui i . i ii'i j^j-o £-2j J-Aj J jii" mil »l <<i^ Jjlj MjL? 0 o! 

cjjl»o CijO. i Rotating Black Hole jlj.5 -ij-<-ul t_i2j <t!L>. (^ SjIjx. jii£l (jj£j 
Stationary ouLill jijj-uVI <_Ji2JI 3JLv) 3JLLJI 3JL>JI Jjt^o Sjljjl*. j-jI^j 4J 
»l La.all JLjIj (jl Lis- . L^j ojjj^ La lil i3j_Lla IjjjsI jJjj (Black) Hole 

UJI 

jljjJI _}j_*_uVl L-i ^" tl jj-SLIj . _}j_j_u^M L-i aoJI (3-^ cr^ (*~* < ^ Ji - i - > ^' (3^1 
? 1 Ji ^_*_u l_i L^_Lc ^ILLu-u 3j 1 g U 1 ^ $ j^JJ 1 4_j_J Lc (j t lLUA! 1 «. LJlc , t 2j * 
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/ftlLu-u jljj _}o_t-u) L_»J2J 

j_j^/l jljjJI Jiaoj/^/l ' . ■ Soil ^1 J^tHlj . jljjjJI 3-Cj_<-u Lkj-uG ^3 
ilaJLuLJ (_£J-11 fii LcaAJI JLjIj jL3-l_LJjL?e_a ^*j>. (j_a * L^-^-JI lLLJj (JlLa-j-uSL] 

Ja '"j" a jijj'^H j'j^' jjj-uVI i_c2ill 4J liiji^j U La^Li. isdi^lj 
J.* ,<l! iijJL=tj (^jJI L«-3 .(jjj.jLjJ! (oJUJ! (^JJ jjju (jl IjuI ^jtVnnj (jJ 

Cjj_4j ji Lca^>- Cjo_«-i w " a. oL^oVI J_lj>.j <_S^Li_JI J JJJ-J J Ia_J 

dJJj ,j_o t^-jl-C. J-js Qa^Lj iCJJL>JI ,3^1 J^Li- sLUaAJI JLjIj (j-a Jj^/I 

■ . ■ ahl\ !j2l sLsjL^j jja QaSLj i_gjJlj iSpacetime jLSLUj <j-aj-JI (J^-l-^l 

' Laj. Jti^. 4-2JL*JI dji^lj. t_jjj^> J-JLi ' aJuu j^jj! JL3 ^1 i a all JjIj (jj^Lj L)' 
Sj_a jlSLUj (j_aj.II L$_l3 (Ji-ljGj -.U-o- SJljJl>. a aia * a ( _ ;r 3 ■ La 2 i uJ i^ljHu/VI 

jLSLa ^\ jLc J 5 a ' g I J * L^aJl r* 1 LgaAll JuMj j"^ ***' j Jl9 4JL>.jJLI aJJt 

jj>.I (jjSLi 3 1 1 aj a j^l^JI ^ jjJk iO^jJI liilj ^ L^i>.J j^oJI 2 ^ U ; 1 1 a 

4-SJaJLl I J^L>. (j_a t_!j|j_^J! JjLaj «b! Jj i4jla Ijla^ ■ ■■ (jjjJI 4jLa3j_i 

<_pJI S^jjJLII 

' ' alii&ja tj^^ ^£ cL^jLiiA j^^l ^>> 4-2iaJLa (J^L>. j.aL_uj (jl i^^l ^Jl 

»l <<i'a jjIj (jl .j<ujl2JI 4jj^ (^1 Sj^jlII IjjI ^jU" 1 ..j (jla JjL>- La^-aj 

Jj.|jj| (jJI £-3J-cJ ij_ljSL!I jljJ-II Jjjj/VI i_t2i)l iUjio Jj^*-aJ JjS" 1 11 U 

jjlSLo j^JI 4_Laj ij^jll 3-p-Lj 
(jl Laj ..j^i-l jj-^J , - I , A tl Jlj|j_I i_3j_Jl_tl jjSLII ".(jlj^SLi J i au a 4_iSLIj 
(jl w • "<* La La I i I JjI 4_l!J Sjajtll g-jlali ■ uj V (jis- i4jj^ » I 1 a a 1 1 JLjIj i-ilj^J 

.sU^. 42j^j «U1«JI (jjJ u-ujla j^VI (jjSLII I jut ^ tfj^aj 



iJr l\ »l i^i ri II JljIj Jj>-4 J-^J • 0) Jj^' U>^-" Lr^ ■ij-a-J) «lH JjL«-a -5j-<-u! 
4 i*C n j i ii jj>.VI Jiajj/^/l ' . ■ Soil ( _ ;r 3 ■ Uj ^ , ,.tl jjl jLalLnjj i (I) 4jo£ ^1 3j>aj<JI 
j_a_i d , ,. A * La J_Lc «L_tIa La (jLcj-*_u (j^-Jj * a-uayC: JjjJL>»j (j_a 

JLjJlj>. (ja^ (_,JI (I) J>a_<-u^/l i . i ii"tl j^j-a (j-o iJj^j^/I (j^jla ^JJ-^ 3 J^-*" 
JjjjiI i_c3j I ' eajl lSJ-^^ £ LjSLIj (m) '(') LXUjSUI (j^ ' (-*■) J-^^ 

(j-a Lufcl j <G^L>.j ( _ ;r 3 j a" i n_t (jl , - I . V» Atl Jj|j »^jt^" . ..j IjlSL&j .(JiiLx-a 

. (l) Cr Lo^l 4jj£ (^JJ Sji^jlJI ,j-a Ijjl <jSLajj ,jj «USLIj 'J-^ tpl Ui^ 

sLUaAll j^Ljla ^_Lt_>o V d"j i^iL>. (jLa iouLUI jjjj/VI i . ■ alll Lai 

(jJI Lg-Lfl Jj. J_j La J£ • • >>"lj U3^ L^S 1 ^ ■ la j a J 

^Jso-j-JiJ . SjljjJI (j_a j taaj fiQjLJI ^Ijoo-oJI * «j 2j 1 1 (jl ^aJI (j-aj . Jlc 

.SjljJ »l i nil * ij Sj 1 1 p la * rt (jo^J (jl »1 al*ll 

i nil diljj ijJLlII Lglaiej (jlII ,_£j^Vl oLvLall ,j-a JLjJjlII dJLl&j 
(jl Lai 'jlj-5 -5a-<-ul (_cSj (Ji-lj Ja->JI *au-u 4jl3jI JlS (jaSLj (_£ j-JI r I LtaAl I ( _ ;r 3 
.(j_aj_II (_yi <LL>.j_l ^1 jMt 4_aLal (jaSLj I ir-i^fl 4ja£ ^J^>- J-^d 

<j£Jj Jiauj/^M l- i fl**i 1 1 (J^s- (_g jJI jl jJLl J_y>- lSJ^'- 5 (JdJ-^ Cr^ j'-*-" 

s |_Ua_flJI JljIj (. i i ii SLj ijjjJ,I J^s- SjjjI J ^Ls-j cr^J ' - s '-^ a - a "L>ol 
(jj 4jLs ijJL^JI d *^ Ja 'J . Jlaa-oVI ' l^oJI tjljj-i ^-a <■ i i uLlu (j-ajJI (j_a Ijl J_S_a 
(J_a IjLjl (j^LajJ (jj 4jI LiLU idim'? (^j-II <J-°j-J' \jJt ^ iXir't I uj (jl ^J^" 1 ' "J 
.jj>.I (^jJI (ja^ (j-a 2j ' 1 (Jia_u_o (Jj t^l i<tV1 4jo^ (^1 Sj^ojlJI 
|jl VI (<Cij V (j-ajJI (^a Sii-jJI (jLfl i(jrtILuujV 3 j j i ,ntl ijjJoj I.UII-WJ 
i> J-A (^y^ (j^-lj t(Jj"y**( i ii a I JLAj g j ' ea 1 1 ^lCj-uj (j-a J-J^l j-SL-aXI «Lcj-*_u O-lL^ 
I JLA I mi ijtj ' s j ■ ga 1 1 4_Cj-i_o (j£. (J-S3 cLcj-i_uj (jSLa_a j a i 11 (jl J_>o 3JL>JI 
jJatjJ! (^Sj .jljjJI Jjj-uVl (_c2lll (Ji-lj tLiaiil 4-ljjJlII 2 llUji-muM 
(j-La-La (jiaaLu L^jV tf.\ nUlt ljL>- 4j^cj_a (j^sjjl Cj^Ls-jJI OJLA (jl 

.(jaSLII I JJt ^ 

» )! lLILlA (j_a_jjj I Jl>. 3j-iJt_a i(jVI (_^>* Mi^aj (jy^II d l^t i nVI (J^ (jl 

tiijjaj Ojjj ji I Sj flJ 42jjJa3 ij^^l (jlr j i >i L>J I O^^JI (^ I qAc Jj^I 
Jljjj V Li^ I jl I laa jjs J-J-«-i (jV Lu 4j>.L>. iCjVLaIo.VI i> J-& JfLa JULp i n" 

,j_UaL>JI (j^jiUII LULc (j! VI 



^Lt C Lvl t_dLL& (^jJLlJLij ijljjJI ji^j_oV! < lSoJI -Sj^j iLslL^Jtt jj-a <2>^j 

jj * aj * Jjt {j&jQj La_a * ly^l fi tjSLIj ila-Sa 



wiaMrft Minify . cH^' iS^J' 

^ " * ' - ' ^jj ' a " ^LaJLtJI ^* 1 t»lj>j i ntl * 'j Sj 1 1 4jjJia_Ll IjljCLa! 

*ljl CjJL>.| jj-aj • ^-Ua-aLtJI 4_uj£L11 j-Al ^JaJI ^j^* « j-u_uj2jJ 4_j_uaLj ^iiLa-ij 
(^jjj,! Ljo£ (^Jl <_,jti 3-uj£cjLi3jG dJLla (j! 1 v - 1 1 I jut liliill sLalc 
. j!j-*_u^M jj-a J- 1 -" tL* * 1 *m mi ^jjJSjjlj V (Jj^j?e_a J^*T tJL5^ (1)-* 

(jj-SjILa (JSL<Iu ( _ ;r 3 dJLufc JpjJjj iWormhole ^j-ij^-II (jjjilJL ^ a . nj La Jjjjia 
(j r jjt (jiijU^/l .fi"tlj White Hole ,pi.uVI i_cSaJ I fu-u\ d jlr j I Laj Mjjj^ 
' lSoJI j^j-o (L^.1.} 1 ^ . aajl . 1 ^ A~ j 3_}LU w dj 3ej L »J u _ L fl i ji^_i_o^1 ' Jaftll 

^ji-JI Jj a ' II J^Li. j^jUj L^jLa iSingularity 3j_j-a_U 4~n .^L>. jl _5j_<_u^l 
.i}-a_ui ' ' Sj ^\ mi \ jj>.^M ^jjSLJ! f_y^~< a b se rt jj'C ui \-^jj>. t 3j-a Jpj Tit 
(^■UJ Cj!j^?e_a La «tJL-a !jJL>.j_i ^jt t^jV! lillAJl ^1 air (JjLcjj 

^_Lu 2 ! 1 j ^jt (_^>* I j"^ ^^ a j I jJljj ^oj?e_l11 j?1 1 Mil ^_y^-»-i {j\ 1 jt^^ V 

(jLfl ^-aj 1 L-^J 4_p- 1 1 a 1 I 3j_>JL! (j-^lj (j-a SjLo mj^Lc JL>.!j mj-!'^*- 

» I aJ-g a » J JU3j .4^LLaJ! (j^ 1 4Ltjua ^ J 1^ j LLaJ sQjtLJ! CjljjljSLI! 

mj-!J jj LaHj (jl (j^Lq-La »l 1 >i (J-^^l Lai i4ijL* Cj!jl5cjs mj-IJ ij-^ 1 ^-^ *lj '<i 

.Dwarf Galaxies ^Ij^l cjlj^a 

tdJuLi 3j^j Jj 1 U r> a Jal uilll 3jj_ui cJL5^ ' ^ T**' *" U7~^' B^LXLa ^Li^_u < ijJlj 

^j^c_iJ! i>l 1 i"ii J_«j 4_Ua_aL»J! 3Jal LaJI 4-LSLijiX Jj Sj " j j 1 qjj ljufcj 

j>_j^Lj jju Myic. (j-^j LuJI (_L^aj wjjd! jLjJI JoLiiill i(o!j3lj£LII) 

Ji^Qil ija^jLcj I j_usL>JI O^jJ! lilLil! tLaJLc j^jLuj ^ jjj i^aJI CjIj LmJI 

JLia CjIjjI j£LII OuL^ lil Lajs 



3j_>Jt1 3! ^0-1 (jtj . Sj J i 1 g3 si! .Ja_t_u * ) J 2fiS I j dl3> w ^i" jCJ t^r J uija. jj t^"" 

.^_a_L) 1j-;tJ^ _}oj-uI LlSj j 1 aJ JL9 j-a-«-!1 a 1 ' 2jJ LaJLi^. 

oLLjj^sJ! a|j la -^-V Su^lII^ i^LsLkJ! JjlU~ LaJ-cC ^Lt^i/V! ,j-a I -ij^'' 

< )J_di(JLl 1 C J t g. 1 J) 1 ' 1 |j 1 1 5^£LflJ^fa| ^_J_Ud ^S_lJt23 (2>^-4- 1 CT^J 



JlJi3 <- 1 , >. Atl Lat 4«G_*3_3 JlJ^, l)' ^ ' i J3^ 4 - A -^^ l)*^ uJl 

w I c 4_Ljl_a *j la ^ ^^.3 ^ I c I tiJj^elLi 0 , »j i a II Lai ( _ ;r i3! J*** uU 
J^Ja (jic jIU "a s j , 1 1 d^ij^u (jjs J^l dJj^tlj (jylll frlxifuVl Lai 45 3^>-jJ 

JLic (Jj^iJI JaiJLa i^jjAl)! (j^s Jiloll *j^>J! (jJI Vjl jiojl 

(^LiLo ^^j?o 4x.^_aj?e_a jc^o) »l j ui VI ^_La_i_o t _Jfl_4-i 4lllaJ I cLiLa_U1 

45JI ■ Laa. j j'a CjJLsJ! ,3^! Lai Ojjj/VI i_^l!l i_k!Jj OuL^ ^^Jl 
. si! Ji^j-u ^jl_u_ot ^J*C i"i 1 jc-i-uj J^j_u^/! ' 1 aj 1 1 j£j-a^ i^c-i-uj-Il 
,_p_a_^3 J 1 la 1 1 *j-^JI Lai icLiiill J^hi^ Jlt^l t «j^>J! La! 

1 J I la 1 1 «j^*J! 43Jj I •..^.-»'a I jlj . Jjj^Vl i_j£JI ^JJjJ jL^jl i^jJ! »(j uJl 
<_i-SfLL! 3Tj-a ajj-un i^j-J liJ-iLa 'J^>-T 0_S^ Jj-uiVl ' ^ ■ ~ 1 1 LJ j j laj 

^5 4_»_u3^_a La_AJL>.t ^jLjjLv ^jLobi JL>.^oj La^ t4-3e-Axaj| jLi_uj ^^j^Lc ^iaa_oV1 
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^_i_uj-J1 a ■ •' \ jjy-S L<j_AjLj>.t i^jlj-Sj—o L-ia_it Jl>^jj . LoLa_i ^ Lila-1,1 4 a La iXl 

(j^SUI (j a * (j-* [Jlp^^ J' UH3™3 ' r * * **' ^ *- a * A Cr^ L - lj> '^ J L-4_iL£j J'- JljJ J 
J-t-ajj 4jL£j jJlo_i£ ijjjj^l Jj-iiJl ^ o mU i_La_>Jl Lai . (j-ui^V! qjz JTjLi- 

JlJj-j (jl ^Ll-Ic c-t^t-J 4j-L3ej-uija <d_L>.jJ1 &JJb ijjJU V -i^-J-ut ' ' ^" 

j-a \ ^Jt j «. j lis 1 1 jj-* ^J— *-° I J-^ l—cu-J (j \ c_«^t-i i i __ r J ^SLI 1 JjjilJ ' <— <_Sj (j-* 1 ^ *" 

.JUu. 

* Lby£ ^^y^ SjLtTuj ^ a * j j iCjJ_>JI 
-(_£JL>- J'C i"i_t c I I eaj-JI t_!^2iil! OJLA "L^U "jl! (j-Co-LJI <j-° JLs-I JL3J 

cjljjl jSLILi (J) I La_L3j-(jVI sUjisljial ^jLa-i -5j^*-a L#jl (o-^j-j 

(jl lLLI j jJ_r»JI 4-jLi_i f.\ i^a-i-j II i . )j <Lj II (^1 jJaJu (jl "-7^*^ (j^-Jj isU^sLs. 

. Jj^I ^1 j ali ■ lu lLLIj Jjlj 

I (jL^ 4j| ju ^Ls-jijjj/^/I i_c2!ill ( _ ;r LajJI .X.tl-^^j^l i_cS!jJ | Lai 

OjLa_iLil tHj LtaaJ LaJuiCj 1 1 J ri" se a jjL^ 4_cSLIj njjSLII (j-^* - ^jl 

jj 1 aJ L^j (jSLaj «L2jjJa ■ La 1 iul (jl . JLajs j^tc CjLsjI (^yi SjU,l 4la (Jj-J-i-i 

(jjjjLa J-J^ Jaxtijll ( _ ;r 3 La (jlSLa ^3 Lul i(Sjl»jI/ ^J^>-) <l ' uij 4j| jjk (jjSLII 

.SjjcjIJI (jrLcl j 11 *- 1 o^j-" <>L>>jIj iSjlxjIJI ijjLik i_al^>. Sjjj 

J Lkj 1(1—1) 'Lj-iLi 3j-^*-a tiJLuk (jlj (l) Sj_>J,l ( _ ;r 3 (j"ij» ) Lul I ' ^ib 
I ^ i a j_L^ JUaJDj (jjj_LaJI ^jIlojz (^1 (j^l ir-i" (j^- (jL^jLalu (jLjj_>J,l (jLlLt 
. (jLCXLl (j_ajJI JL^tjJ cflt-o^ 52 (JSLtoJI (j_a ^ju2-U La^ 4 LajjJa 

4 Lcjoi? (^,3 SjLaiJ (^jvLail jj^t^ll (jl LcJ (jS>-XJ (j^>-!j • Ja-»-ul ' ; ' 2j (Ji-I J 
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(Jjj C^Sj ^1 4j J i^i'ii .i iJl^j_tJI I jut (^jJa JLs-i (l) 3j_>J,l (jl 
. (jjSLJ! ( _ ;r 3 <jpJ-u iSLai (t_ i) 3j^>JJ 4_l3 

C^jL£ lil VI ^jJ-i-a <Ll (J-u-jJ ijjjajJI (_y\ < "^Vl (jLfl i_dJj£ i Sj Laxll 

jja iijJ_>J! (jl (Jj_2JI g. .Jaj i ■■ ' jjj_t£.j .tfj-ujj 4_<JLTLa CjIjL>.| dJLufc 

■ J j n't i ii U CJJLa_J jJs iJj-lCJ i(jVI CJJLaj liJIj (jlj ij^yX^LU jJsj 
4(j_ojJI L_I_i_1 1 (^jjv^-l (_£J-11 jJb 'J'^""" rt J j-UsLvj ipaLa jj ' _}j^?e_aj 

(j_a (j^SLII t^J— ) 1 0 ^ Lal_a_l t«L*-)LjILa CjljL>.| (j_a C-a-Ujj La-ll^J 

. 4jl_Ua3 (^y^ p Iaj *" I <i i ii ^ lj^>* I 
(jlj ijjj^tlj (jjSLII ( _ ;r 3 La ij^J i4_uljJI (jjSLII 4^jj>. ll^j-^J 

j_a tiJjJtjj 4il VI .dJJ 3 j I,, ;tb LSIj Lo (j^iti lite • LuL; LJ Ijl> 
. jj^.jJI J-j-L a_£j^>J! (jLa I jl^Jj "<j>^" cr^ 3 j i m 7TL-i (_P=jV! 

(_g^>JI <_s^L«Jlj (_psjVlj oLcl » i"iVIj oLaj-m t«JIj 3j jdlj t*JjL»jj (jLvajVLa 

. (cj!j_>JU CjLcjjjjcjs) CjLj^oSLIIj Cj!j^>J,!j (j " i uillj j 1 flJIj 

«L*_a (J-o^t-l (jl JLl ii_d^tjj s-^jjuj ^l-i Laj . ^ i ' nft l—l t_dj^tjj mi 

(_gj i uJ (_g j-JI «(_Laj (jl (j-ut^j (J>I^I Oj-*^- '^-"'J l -^J- :>,J Lsi^ (_gl 

. ^ d u Ste rt (_^jj>. I 4_Lajl ji (J*jj>.i Cj1^jj>. (j_a «U^>. LL d 1 1 n itLi (^Lajj «L»_a 
Lu^ dili njj ui\\\ /jJt jJI I^IStj V JL3 SjjjX. Sjijli j_aVl j^l J ^yfl 
4_Li_iHj La J^-^ (j i c J3-*^^ (J-^ j"^' (_P =, J^^ Lu I nil cUt-LxLaj 

. , ^1" ^ 1 21 t(j-1**l Ml 1 1 

ui II 4_cj_<j/ I r J_«JL«_j (_g jJI t ijr L&ji\ LLLojj 3 j i^ij^fl Luljo-I (jlr 
(jla I j^Jj £j i^ijll j-ILu V Sj iri La laj c^jLCI eJL*a ^Jj ,<ia\l UMj 

^La jjl Sj£La jjt ii^aqjVlj Jjjj/^I ' ■ l21JI j-*! ^IaJ LtLdjo (^yi Luk LLtitJ La 
^LA3jVI j (_p= j_«JI j Jj ta tl) 3_»_ijVl jL«jVLj J^aLuli LuV l( jKil j (j-ajJI 

(j^ Sj II (JjSLII jI^ij ( _ ;r La_( ; j r I .'--.All ^jf 3j£La j < LuV I ■ '((j-°j-!'j 
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jLU (<u*-lI! f-j Ca jj* Curvature t_jj^tll! I jut jjLjj l^^^Ij) SjUI 
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^IJJaVl :3_L^-aJL!l iijL>JI 3Ji}Lj J-^-jj 

2 al LaU 3_U oil i5_iaajjl 4j^LcLoJ i_a^jlu La_U£- Cjj^j 
U I 3.1 J-ll (O-^n-iJ! JaJt-Ja (^ic 3t^'al-» 0 H 2jj^_UaJI 
' " i\ a • La 11 JJLj dtJ>o jLi^jVI ^ jl^ w 5 i j (_£J-11 
(jjlj-j^-j-LlI g ^ Lcaj Jl ^IjJs^M Lai .«Lo*jL>JI 

ijl <-Sj|jjil (j-oj . jL^Jj jjl (jjj Jj-iJ (jl LgJ 6^-°' 

^ ^jc_l£ sLljLjJIj sLLaLi. ^j^M i ( _ ;r Sji>J! 

. (diljl < nl \) ' ga )i J 

3j-u3_U d a < ntlj 4 1 JL>. 4 a V <^ ^ 3->»J jl 'I jj-a c—oJLjj 

^jlj-lC Jlj>. iCjJ_>JI (3-^1 J-^ c-lj^ i ntl * > j 1 1 

^^.jLiJI ^JLjlJI (j-C _io_*-uVI ' LflUJI (Ji.lj < a ) 
CjJL>«j Jj_<j/^/I ''^"11 j-itl J-Laj • ' lS 1 -^' 

*(_,-<Ii 1 La 3 i li-o. iCjJL>JI LoLx-l 
jJij^ i4jjII S-ujLsJI tjjjs sLLaJLUajj Jiaj-uVl i_Jsi!l 

^0J?e_l1I ^'-"3 • LoLx-l CJJL>JI Jj^l * JLaJe j J 4_it 

d * Mil Jj-LLaj Jioj-uI I 1 2j l_AJL>.l (J3^-i «L>.j_}j»tl 

I tAJ l-jj-u^l «L>.L>.jJI ^>*J tjL^ Lx-ljj i((j_u^l) 4_J_Lu_u 

<— Ij-SAJI Lai . Ij_& Jl£^j 3Jjl ' dl * j'a ijlauj/l 

(j ii j lj ij^l ^Jl (jjs LjJ (jjjLu/l V ^jLx-i 4-ul i m. 
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Laj (j^aSLJI IjLA ^LcjIJ t_^J^ l_J ^ ' cajj ^oj • «\JLjJL>. ^-u-aj 

.fiULji JjJLiJI d 1^*' ^iii i^_)J_i ^LLajj jlj-*_ui ^yz 

4_Lj|_UiiJI <L£>U <^>o 1979 (jliii) (j-ujL-o j j gi ■ a-Lalla ^ 
) S a (_gj " mi U ,j-o Ltjl i .i a 2 La a j t_jj^Li Voyager 1 « I joJaj j-al . .ill » 
.a^JaMll! ij;>lill Cy> 172400) >La>L£ 278 , 000 jju e*jl£ 

L^jL-uJlC d)jL>.|j <_dl_L& (ili<_iiU Jjjuijl ^1 t lu VI JjUO 3-i^jJ.I '*■<* I Laj i ulj 
j j i uJ dul^ L#j| £-aj . . . cL) ikaqJe j La J tfjLajSlj iSj" '""^ ^*a-uJ j j i a 1 1 i_aVT 

jlk-JI j (4^LJI /Jjj: 55 , 000) ^ j^a 1 04600 j^uj 

Sj-iILaj cLk-UsIj 4jjalj_U ctLue-a ^1 i." 1 1 1 r\ j (^J-JI JJ ' -*■ il OuL^ jJia 4jJI jl uill 
JlJ-C 4j_ij_>J <^c (Lj^jjO '-<± n 1 " J JL5^ J W <j£^' J^J ■■■J-i^ ,J -* - Cr'i 
^3 4_lCj LujJ (j-ujjj 3j^.LJu Lukl^alj Lufc lJlSj l_Lj T » j j ■ a II liJJj SjutLJ^a 

oj 2 c (^J-ljj^o^) ^jLcLi-o <JjL£ I— ai • ((CjLiLfoJI I *j ' ^ * 4 _)_5_Li ^jl 
j j , .. A", tl Jjj.a lj_a ijj-S-j ^LSLj » '-(JLS o-3aJI (j-a S^la 4jL^J 4-JoAjJI 

1 ♦ i uJ igj**< till j 4-aj1 all 4j£jJJ (]/U c-uj-SJI JjljJI ^LSlII j < 

.VI^L 

« I (<i2j j-al mi tl» -^^T' 4_^>LI ^j^j '"''^ < 4-*-4=JJ (jr^ ^-^Tl t—illSLII^ (I) 

■ <_ ilTiSLJI 4_uZ. ujLSJJI ' a u& ■ Ltd Laj-lC.^ CjLajim 

jjjjjLa) 19 J J_c 4_L»_a t j_c 3Ilj^>-Ua ^j-ge-HI j^^-fl djLaj_L*J,l p la « ^ jjL i>j-tJ (jf jjJS-Jj 

.(I979jlil 
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tfjLajaLi »l aLtll I Jbj . till j (j-o 3 J J-kILo J^MJaj CjLvjJ (j-a QaJ 

(j .1 j I jLa^V! (j! &1 oUtl ' V ^3 . . 3jJLt-a_a d j 1 11 0 mi «Lc j_aj?e_a 4jL^j 

<t_«_ijl c^jL^ j ui c SJj^Li (J^s (j-o Lajjj-a (jl^ 1 1^ j ifuc (j-SI 

i (jr jtj . j"i 1 11 j !L£j jlj_4jL>-j WjUj'j 'J' l5' £ ^!^y- : ?^' tSj~ 
cjL_uJL£, ^j? j-i£. . lj j * i <a L»£j^ LajLjH^,! ^jlSLal jl>. ijr ll 3j_u^ 4 ( _^>jVl 

dJJi ' S J n« a jLa^VI 0 J-A (jl Cjj^Ia I aLtSl < 4j£jJJ 

. l-Lu La^toJ I i I j ■ » » 
LajUljI j-Aj j" < ihTI^ ^Ja_*_u (jl ^cj 4-aJai&jq jL^ct I j^j^ 1 - a 

(j-o I JL>. jjj^ JJLc a I jJa-La I jj_a J La^ dt-a_r»o (^^-Jl j-a->JL) (j^La L^**' uJll 
jj 1 njt^ . =Luj/ Qa-iLa 4jljj I (_JJuo ( _ ;r 3 ^Ja 1 nil dJJ ju tiJjLjil! 

3 j 1 .1 a ui 11 3^o-a->JU ,jja j^I l5' Ct^ iXP * SjJkUi 4^ (j^i 

4_jJLiILa ^jjjI J CjUlL>. Ja_j_r»o 4 aV 3j_u^ 4_Uajijt_La j fla> 
( J_ < j,^L < j/ i_s!j^>. L^jL^j 4jujjj_a al>JI <_slja. jJljjj j\£j_U SjcxILaj 

jj_a cLjLj Lj-IjI ^j j ... A" 3j_&LlaJ! aJJt »l a U II j 1 •■^Jj' .JLjj>JI (j-a ijjjlj 
j o-S-tl ^cJa-uu ^J-J- 1 f^^^-O^ 4_tiiAje_U1 3j-ij>J1 (JJ^J j! (J-aHr^Jtl 

3jlj_>JI (j_a IjJlS CjjJa 0_Lja_i Sj j j ^ ^LlajjVI 4jaLIa (jlj jj "ijl^ 

4-jJLjia '"«! ala. ( _ ;r 3 j^jjl Lajii^. «Li! ^la 1 iJI w La «j (_gjd! ^JliJI j ^ ii-i 

jjtj t_gj" uiXI (j-a LljJs 4_lLj (_gjJI j" 1 njll^ jLv (jJJ ^J-^- 1 ^Lj 

(JIs^M (jjl^. 4_oj-a_i ^j^SLa ^"i i 'ijtl^ Jius 4j1 t^j-J (jl ^-*-u^JLi Jl_ui_uL>. j-a-SJ! 

V^ii L^jtla 2j j __yIlJ 1 4jtijj_ll ^r»JLl > ( _ ;r La d ~» La • •. (jSLIj ( J-qjeTlU) « LH (j-a 
^ja - . j^^lojV! ^^jl^. ^J) LLtaJlj d g-ij jJljj ^^^-11 ^ ,".t1 ju JjlJI Luaj-Cj 
^ 1 1 \ 4-seia-m j-a^. ^jt La^ ^"i 1 imTI^ ^Ja_i_u JrH^ -1 l)^' j fla> ^LtS J_j_a_uL>. 

, «Lu_o ^j^aoLa cJlJi ^Jjljj V jl ^"i 1 ^Ja-m 

IjJaj Lijjjt jyll jj ' aJl ^ya JUJjlI! JL>.| jjj t ^"tl 3j-^j>.t ^Jaj 1 ^aJj 
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4jljjVI jLijaVI j^i _J I (_£ I j-«-a]l I **JJJ ' JJJ uaxll 3j\^>.| I j~ i '— j£. JLjJ,! 
<Ls&Jaj uj . alj w ^ j i all I JLA (jjj (jl < gaj| Jl9j . . . {C,jpt uiXl (j-o 

(jl^jj 4j jJj . . ^j i-uaJI - UU^j . - 1 1 . 1 I j 4aL>J| Jj j , ..llj ■ j tU (^La 
jjh£ 50 sG_fl>j-3 j-ka3 £-Luj I La ui ' Jlj La (jj^J (j! (JjiiaJ (J^VI ^^'j 
jJ-jLj jl) 0J-g-C 3JiljL>. (j-Lc (Jj-J I j-fl>J (j-oiai 'LoJJJ ^Li i .i (jl (^yi^. . Ij^-o 

. . . (i U 2 a 4_uj/ Q^jio 1 00 j oj-^-° ' 0 i>4 Lu Lj-Ij I Ij-j J-2j oj- 0 -^- 

*LLtjl 

(j I * I <i \ * 1 ! ) a j « Jj . . cb dJj Lu j» Ltajj V d Ijl^ jul j-^c ^la-mJ I (jjijjj 
d jj o c (jl— ) *Vj_A (j-La-jj . . 3 JU JLtL 3_jjjlj 4_lLjX. (j£, «Loj>.Lj ^Jga-uJI 3_«jjlj 
iJ7 -2 * mi VI 4JLLa_Lo (j_a £^ JUJUiu (j-cl * Mil ' a ' *^ i f£u eJJti 3jjjLL1I 
i.". I -r ui jLSj . . . (3_SL*£L!I) A a uu f^j-^ A (jlr 5-SLa-lXI aj-ibj . . (_gj"i miU 
,j_o Jalj 400,000 J.>L*-j Lu LLA fcl < mi VI SjJa 3_LjLUa-aJI Sj^^a*! 

..b^JI 

(Jj "i m i 1 H j_ajs o jli jjfcj LuJLal j-a-UI (jJi <_1 J-oILi 3_£j_tl jjj ls 
(jl j i j i a 1 1 (jjs ^ i eaj| JL3j . . (j-djJLs. I j a uij^I (j^l jLoJsVI (j_o (j-uJ-I 
I 30 sLcLajjl £-Lu il <_u^c J*\ uu LJjla jdx-a «LcSL!j W_l>^ ' 

. Ij^Lo ^Jb^ 220 4J ^iaj ^Li^ 
^ fll> Jj^-J (j-A 4_uLiaAJI sLj^jJil CjLj/JLC I i u 3j_a>LIa t_j^c.l (JaJj 

^LjJLjlJI (J^-2j jj L^i! (jyJji (Jji->*J (j-*J "L^j '"^ alse 1 d gqj (^gj**i uiX\ (J^>* 
j j ' II M^j-j?e_a (^_a (_£j-J (jj-^^ 3jL»_>JI jj se hi (j_a (jj£ju d dl>Jl aJJt (jL) 
CjL^jj*^ I Jj^>-I (jl (j-IJ ' a uiSLlI I j-4> (j>Lcl (^3 «UJj«JI JJjj JL3j ...i^U-JI 
^3 i ^ ^2 ala. 4j jj i La (_L-j c_<£j^ (jl Lsjjjla (j^J j j i -*■ 1 1 3jj£jla 

f\ ' ea a 1 1 ^ "i i ^j— ^ (jl * * (j-^^^jj' c_ t^j^ '"^ A? 3 ^ 1977 ^L-^- 

_i jj*.j ^Ls- i n" a! I o J * I VI (^gj**i mi o IT La- i ii a (j-a LHjjl>. I I I J I 0 j-u j_u 

jl I j 1 1 n't 2 SjjSj L^ji liilj 3 iil-»JI tfjut i_al mm^I (jlr I I j 10 j_ujjj ^ I ■ >■ A 1 1 

. JLs. Ij j-jjs >^ ^ i ' " ^i^i * 

(^ 3 o V i^i t l «l j-<u>JI 3 < axi l 3-ul i^nil l 3j^jJ,I oLj£ <^j>»-^ 



400 ■ " i aJ£ « I i m U» 5_LjLUa_aJI 4_j£j_U (jl (S-C-JJ .cJ»- Lx_a 

.LfcJI ^LaUs^lj (I) 
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. 1939 jjIj^s 14 ^ 4_ujjJ! 
^Lc Sj_aL2JLi 4jSLjj_a^/l <L«_oL>J! <jjs jj" . ,i-vl_U (ji^. J ■ * 

.oljjj^jJ! SJL^/j jj^UJI c^SjJ! ^ juijj 1972 
2 _U ■^'"■■■tl 3_«-aL>J!j Sj^tLULi 4jSLjj_a^/l 3jl^L>JLi (jjijjjilILi ^La * 



J.I 3-uiL«JI oVLltl j (j-JjlII JLpJ! j^'^ <j-o jujuJI 4J * 

I < tlj t-jl^lj jjJ-flJI S_jLcjJ (jlr VI (j ..l->J,l liuJ^s. <4J j J * 
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